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FOREWORD 

An exploratory experimental and theoretical investigation of gaseous nuclear 
rocket technology is being conducted by the United Aircraft Corporation Research 
Laboratories under Contract NASW-847 with the joint AEC-NASA Space Nuclear Propulsion 
Office. The Technical Supervisor of the Contract for NASA is Captain W. A. Yingling 
(USAF). Results of the investigation conducted during the period between 
September 15, 1965 and September 15, 1966 are described in the following six reports 
(inc'luding the present report) which comprise the required fourth Interim Summary 
Technical Report under the Contract: 

1. 

2. 

3. 

4. 

5. 

6. 

Krascella, N. L.: Theoretical Investigation of the Absorptive Properties of 
Small Particles and Heavy-Atom Gases. UAC Research Laboratories Report 
E-910092-7, September 1966 (Unclassified) 

Kinney, R. B.: Theoretical Effect of Seed Opacity and Turbulence on Temperature 
Distributions in the Propellant Region of a Vortex-Stabilized Gaseous Nuclear 
Rocket (U). UAC Research Laboratories Report ~-910092-8, September 1966. 
(report classified Confidential) 

Kesten, A. S., and N. L. Krascella: Theoretical Investigation of Radiant Heat 
Transfer in the Fuel Region of a Gaseous Nuclear Rocket Engine. UAC Research 
Laboratories Report E-910@2-9, September 1966. (Unclassified) 

Roback, R.: Theoretical Performance of Rocket Engines Using Gaseous Hydrogen 
in the Ideal State at Stagnation Temperatures up to 29000 R. UAC Research 
Laboratories Report E-910093-30, September 1966. (Unclassified)(present report) 

Lathsm, T. S.: Nuclear Criticality Study of a Specific Vortex-Stabilized Gaseous 
Nuclear Rocket Engine (U). UAC Research Laboratories Report E-910375-1, 
September 1966. (report classified Confidential) 

McLafferty, G. H., H. E. Bauer, and D. E. Sheldon: Preliminary Conceptual 
Design Study of a Specific Vortex-Stabilized Gaseous Nuclear Rocket Engine (U). 
UAC Research Laboratories Report E-910033-29, September 1966. (report 
classified Confidential) 
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Theoretical Performance of Rocket Engines 

Using Gaseous Hydrogen in the Ideal State at --___ 

Stagnation Temperatures Up to 200,000 R 

SUMMARY 

Theoretical performance parameters for rocket engines utilizing normal gaseous 
hydrogen in the ideal.state were calculated using two different assumptions: first, 
that the chemical composition remained in equilibrium during the isentropic expansion 
through the engine exhaust nozzle; and, second, that the chemical composition re- 
mained fixed (frozen) during the expansion. Data are presented for stagnation temp- 
eratures ranging from 5000 to 200,000 R, stagnation pressures ranging from 1 to 
2000 atm, and ratios of exhaust pressure to stagnation pressure ranging from 1 to 
10-T. The following performance parameters were calculated as a function of the _ 
ratio of nozzle exhaust pressure to stagnation pressure: temperature, enthalpy, 
entropy, molecular weight, density, velocity, Mach number, specific impulse and 
ratio of nozzle-exit area to throat area. Also calculated were several other pro- 
perties of the gaseous mixture at the throat of the nozzle, such as the weight flow 
per unit area and a throat flow parameter defined as the product of the weight flow 
per unit area at the throat and the square root of the stagnation temperature divided 
by the stagnation pressure, (Wfi/A* PT). 



INTRODUCTION 

As part of the investigation of gaseous nuclear rocket technology conducted 
under Contract NASW-847, calculations were undertaken to determine the performance 
capability of nuclear rocket engines utilizing hydrogen as the working fluid for 
those conditions of stagnation pressure and stagnation temperature which might 
exist in such an engine. Although there is considerable information in the lit- 
erature concerning properties of hydrogen (Refs. 1 to 3), this information is usu- 
ally presented in the form of tables of thermodynamic properties or Mollier Charts, 
and considerable hand calculation is then required in using these data to deter- 
mine the performance capability. Other sources of data, such as Ref. 4, are use- 
ful but the information does not cover the entire range of conditions of possible 
interest. 

The data reported herein were calculated using an existing procedure which 
was patterned after the method described in Ref. 5, and which had been programmed 
for use with a high-sFeed digital computer. The data are presented in tables and 
figures for stagnation temperatures from 5000 to 200,000 R, stagnation pressures 
from 1 to 2000 atm, and ratios of exhaust pressure to stagnation pressure from 
1 to 10-T. A comparison of data produced in this study with that reported in Ref. 
4 is also shown. 



DISCUSSION AND RESULTS 

The calculation of performance parameters of a gaseous core nuclear rocket 
using hydrogen as a working fluid is complicated by the fact that hydrogen disso- 
ciates and ionizes at the temperatures likely to be encountered in such an engine. 
However, these calculations may be simplified if the following assumptions are made: 
(1) that all gases behave as perfect gases; and (2) that the ionization potential 
of the hydrogen atom remains constant. The equilibrium composition and several 
thermodynamic properties of the gas mixture may then be easily calculated from equa- 
tions for chemical equilibrium and Dalton's law of partial pressures as long as the 
temperature and pressure of the gas are known. For this study, an existing proce- 
dure, similar to that described in Ref. 5, for calculating the performance parame- 
ters for chemical rocket propellants which form many products of reaction was 
employed to compute the performance of rocket engines using hydrogen as the working 
fluid. 

The thermodynamic data used for the products of reaction considered in the 
calculations (H2, H, e-, H-, and H+) were represented by a power series obtained 
by a least-squares fit of the data obtained from the literature. Data for the 
temperature range 300 to 6000 K were obtained from Ref. 6 for H, H2, H-, and e- 
and from Ref. 7 for Hi. Data for H and H- were obtained from Ref. 8 for tempera- 
tures exceeding 6000 K while data for e- and H+ were extrapolated to temperatures 
above 6000 K by assuming that the heat capacity for these reaction products remain- 
ed constant. Data for H2 at temperatures in the range 6000 to 20,000 K were ob- 
tained by extrapolating the data from Ref. 6. This extrapolated data was subse- 
quently smoothed by a least-squares fit and the power series obtained from this 
fit was used for all temperatures above 20,003 K. Any errors in thermodynamic data 
for H2 introduced by this extrapolation would have little effect on the performance 
parameters since, in general, the concentration of H2 becomes insignificant at tem- 
peratures above 15,030 K for the stagnation pressures considered in this study. The 
base enthalpy used in the calculations was zero enthalpy for H2 gas at a tempera- 
ture of absolute zero. 

The calculated values of performance parameters are presented as a function 
of the ratio of nozzle exhaust pressure to stagnation pressure in Tables 1 to 198. 
The tables also include values of parameters which were calculated for the rocket 
chamber and throat and which are labelled "CHAMBER" and "THROAT" under the pressure 
ratio column. Since the thermodynamic properties of the products of reaction were 
curve-fit only for temperatures of 540 R and above, the calculation of the proper- 
ties of the exhaust gas for a particular set of stagnation conditions was termina- 
ted at the first ratio of exhaust pressure to stagnation pressure which led to an 
exhaust temperature below 500 R. Therefore, for the lower stagnation temperatures, 
the calculations were not performed for the complete range of pressure ratios. 
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Two sets of values of specific impulse are,presented in the tables. The set 
labelled "IDEAL ISP" is the specific impulse calculated assuming that the nozzle 
is designed to permit complete expansion of the working fluid to the ambient pres- 
sure. The set labelled "VAC ISP" was calculated assuming that the ambient pressure 
was zero and therefore includes the pressure-area term at the exit. Also included 
in the tables are values of pressure ratio and weight flow per unit area at the 
throat of the nozzle. A throat flow parameter is also shown which is defined as 
the product of the weight flow per unit area at the throat and the square root of 
the stagnation temperature divided by the stagnation pressure,(wZ/i;-/A* pT). 

~hc values of parameters listed under the columns labelled "FROZEN" were cal- 
culated assuming that the composition determined for the particular stagnation con- 
ditions remained fixed during expansion through the exhaust nozzle. Although it 
is possible that the residence time in the exhaust nozzle may not be long enough 
for equilibrium recombination of hydrogen atoms, it is less likely that any ioniz- 
ed species would fail to reach equilibrium. Therefore, the frozen value probably 
represents a low estimate of the performance and a more realistic estimate would 
probably be some value closer to the equilibrium value, especially at the high 
stagnation temperatures where the hydrogen is completely ionized. 

Since the compositions of the hydrogen which were necessarily determined in 
order to calculate the various parameters shown in the tables were not themselves 
included in the ta.bles, a plot of the stagnation composition of hydrogen for selec- 
ted stagnation pressures is shown in Fig. 1 as a function of stagnation temperature. 
Variations in stagnation molecular weight, stagnation enthalpy, and the nozzle 
throat flow parameter as stagnation pressure and temperature are changed are shown 
in Figs. 2, 3, and 4 respectively. 

In order to illustrate the effect of an isentropic expansion on the equilib- 
rium composition of hydrogen, the equilibrium composition calculated for a ratio 
of exhaust pressure to stagnation pressure of 10-5 is shown in Fig. 5. The par- 
tial recovery of energy of dissociation and ionization during the expansion pro- 
cess leads to a much more complex variation of composition as a function of stag- 
nation temperature and pressure at the nozzle exit than in the chamber, as can be 
seen by comparing Figs. 1 and 5. The parameter plotted in Fig. 6 is a measure of 
the fraction of the stagnation thermal energy (including that required to produce 
dissociation and ionization) 'which has not been converted to kinetic energy at the 
nozzle exit. It can be seen that the fraction of unconverted thermal energy is 
much greater at the high temperatures associated with the operation of gaseous- 
core nuclear rockets than at the lower temperatures which are encountered with 
solid-core nuclear rockets. The ratio of nozzle-exit area to throat area re- 
quired to provide a given pressure.ratio is shown in Fig. 7, and values of vacuum 
specific impulse for the same pressure ratio are plotted in Figs. 8 and 9. The 



local reversal of the effect of pressure on specific impulse at temperatures on 
the order of 15,000 R and 60,000 R and the maxima and minima indicated in the plots 
shown in Figs. 4, 6, and 7 can be attributed to the effects of pressure on the com- 
position at a particular temperature. 

Although data is not shown in the tables for stagnation temperatures below 
5000 R, the curves shown in Figs. 2 through 4 and Figs. 6 through 8 were extended 
to temperatures below 5000 R. These curves were extended by utilizing stagnation 
data which was calculated for other studies and by making hand calculations of the 
exhaust parameters using the hydrogen data from Ref. 2. 

A comparison of vacuum specific impulse data calculated in this study with 
that presented in Ref. 4 is shown in Fig. 10. It can be seen that there is excel- 
lent agreement between the two sets of data. 
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LIST OF SYMEOLS 

AEX 

AEX /A* 

HEX 

HT 

HEX’HT 

I 

IVAC 

pEX 

PT 

PEX’S 

TT 

W 

Xl 

Nozzle throat cross-sectional area, ft2 

Nozzle exit cross-sectional area, ft2 

Ratio of nozzle-exit area to throat area, dimensionless 

Exhaust enthalpy, Btu/lb 

Stagnation enthalpy, Btu/lb 

Ratio of exhaust enthalpy to stagnation enthalpy, dimensionless 

Specific impulse with ambient and exhaust pressures equal, set 

Vacuum specific impulse, I+PEx (A,,/W) , set 

Exhaust pressure, atm or lb/ft2 

Stagnation pressure, atm 

Ratio of exhaust pressure to stagnation pressure, dimensionless 

Stagnation temperature, deg R 

Mass flow rate, (lb mass)/sec 

Mole fraction of ith species 

7 



TABLE 1 

PERFORMANCE PARAMETERS FOR HYDROGEN AT A STAGNATION PRESSURE OF 
1. ATM AND A STAGNATION TEMPERATURE OF 5000. CEG F 

THROAT FLOW PPRAHETERtEQUIL. I = 273.94 LB-SQRTfOEG RI/SEC-FTZ-ATM 
THROAT FLOW PARAMETER(FROZEN1 = 285.11 LB-SQRTI CEC RI/SEC-FT2-ATM 

PAX hT FLOW PER UNIT AREbIEQUIL.1 = 3.874 LB/SEC-FT i 
PAX NT FLOW PER UNIT AREbtFROtENI = 4.032 LB/SEC-FTi 

THROAT PRESSURE RATIO(EOUIL.1 = 0.5686 
THROAT PRESSURE RATIO(FROZEN1 = 0.5425 

ENTROPY = 2.451E 01 BTU/LB-OEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECULAR WT. 
RATIO EQUIL. FROZEN EQUIL. FROZEN EQUIL. FROZEN 

CHAMBER 5coo. 5000. 2.268E 04 2.268E 04 1.9425 1.9429 
THROAT 4661. 4323. 1.991E 04 1.977E C4 1.9682 1.9429 

l.OOOE-Cl 3488. 2828. 1.281E 04 1.366E C4 2.0127 1.9429 
l.OOOE-C2 1947. 1487. 6.749E 03 8.709E 03 2.016C 1.9429 
1. OOOE-C 3 1022. 71-8. 3.485E 03 6.204E 03 2.C16C 1.9429 
1 .OOOE-C4 530. 322. 1.784E 03 5.034E 03 2.016C 1.9429 
S.OOOE-C5 433. 1.456E 03 2.016C 

PRESSURE DENSITY 
RATIO EQUIL. 

CHAMBER 5.323E-04 
THROAT 3.289E-04 

l.OOOE-C 1 7.904E-05 
l.OOOE-C2 1.419E-05 
1. OOOE-C 3 2.702E-06 
l.oooE-04 5.215E-07 
5.000E-C5 3.186E-07 

PRESSURE NOZZLE AREA RATIO IOEAL ISP-SEC UAC ISP-SEC 
RATIO EQUIL. FROZEN EQUIL. FROZEh ECUIL. FROZEN 

THROAT l.OOCE 00 1.00oE 00 366.1 375.2 67t.7 659.9 
1. OOOE-C 1 2.205E 00 2.016E 00 690.8 660. t 811.2 766.3 
l.OOOE-C2 9.671E 00 8.517E 00 877.7 821-S 93c.5 866.6 
l.OOOE-C3 4.625E 01 3.789E 01 963.4 892-t 9ea.7 912.4 
l.OOOE-C4 2.297E 02 1.644E 02 1005.2 923.7 1017.7 932.3 
5.000E-C5 3.731E 02 1013.1 1023.2 

-LB/FT3 
FROZEN 

5.323E-04 
3.340E-04 
9.411E-05 
1.790E-05 
3.706E-06 
8.255E-07 

VELOCITY-FT/SEC CACH NUPBER 
EOUIL. FROZ Eh ECuIL. FROZEN 

11779. 12073. 1 .coo l.OOC 
22226. 21253. 2.115 2.146 
28239. 26444. 3.475 3.593 
30997. 28717. 5.226 5.469 
32341. 29719. 7.551 8.276 
32594. 8.401 



TABLE 2 

PERFORMANCE PARAMETERS FOR MYIIROGEN AT A STAGNATION PRESSURE OF 
1. ATM AND A STAGNATION TEMPERATURE OF 6000. DEG R 

THROAT FLOW PARAMETERTEQUIL.1 = 253.17 LB-SQRTfDEC RI/SEC-FTZ-ATM 
THROAT FLOW PARAMETERLFROZEN) = 268.63 L6-SQRTTDEG RI /SEC-FTZ-ATM 

MAX WT FLOW PER UNIT AREATEQU1L.l = 3.268 LB/SEC-FT 2 
MAX WT FLOW PER UNIT AREATFROZEN) - 3.460 LB/SEC-FT 2 

THROAT PRESSURE RATIOTEQUIL.1 = 0.576C 
THROAT PRESSURE RATIOTFROZEN) = 0.5354 

ENTROPY * t.EO8E 01 BTU/LB-DEG R 

PRESSURE TEHFERATUPE-DEG R ENTHALPY-BTU/LB MCLEC.ULAR UT. 
RATIO EOUIL. FROZEN EQUIL. FROZEN EQUIL. FROZEN 

CHAMBER 6000. 6000. 4.249E 04 4.249E 04 1.6884 1.6884 
THROAT 5712. 5098. 3.873E 04 3.842E 04 1.7244 1.6884 

1. OOOE-C 1 4914. 3225. 2.836E 04 3.032E C4 1.8335 1.6884 
l.OOOE-C2 3984. 1620. 1.762E 04 2.396E 04 1.9569 1.6884 
l.OOOE-C3 2746. 754. 9.759E 03 2.088E C4 2.0152 1.6884 
l.OOOE-C4 1479. 329. 5.083E 03 1.948E 04 2.Cl6C 1.6884 
5. OOOE-C 5 1217. 4.1658 03 2.016C 
l.OOOE-C5 771. 2.614E 03 2.016C 
5.000E-C 6 632. 2.137E 03 2.016C 
l.OOOE-C6 397. 1.334E 03 2.C16C 

PRESSURE DENSITY 
RATIO EQUIL. 

CHAMBER 3.85 5E-04 
THROAT 2.382E-04 

1. OOOE-C 1 5.11 lE-05 
l.OOOE-C2 6.728E-06 
l.OOOE-C3 l.O05E-06 
l.OOOE-C4 1.867E-07 
5. OOOE-C 5 l.l34E-07 
1. OOOE-C 5 3.582E-08 
5.000E-C6 2.184E-08 
l.OOOE-C6 6.949E-09 

PRESSUPE NOZZLE AREA RATTO IDEAL ISP-SEC UAC ISP-SEC 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

THROAT 1.000E 00 l.OOOE 00 426.5 443-e 759.4 770.5 
l.OOOE-C 1 2.404E 00 1.959E 00 826.8 767.2 9e2.4 886.8 
l.OOOE-C2 1.377E 01 7.976E 00 1096.8 946. t iie5.9 995.3 
1.000E-C3 8.032E 01 3.436E 01 1258.2 1022.4 131C.2 1043.4 
l.OOoE-C4 4.045E 02 1.455E 02 1345.0 1054.9 1371.2 1063.8 
5.000E-C 5 6.577E 02 1361.4 i3e2.7 
1. OOOE-C 5 2.042E 03 1388.7 14c1.9 
fi.OOOE-C6 3.33OE 03 1397.0 14C7.8 
l.OOOE-C6 1.036E 04 1410.8 1417.5 

-LB/FT3 
FROZEN 

3.855E-04 
2.4?9E-04 
7.17lE-05 
1.428E-05 
3.068E-06 
7.024E-07 

VELOCITY-FT/SEC FACH NUMEER 
EQUIL. FROZEN ECUIL. FROZEN 

13722. 14279. 1 .coo l.OOC 
26602. 24685. 2.165 2.145 
35288. 30457. 3.277 3.647 
40480. 32896. 4.273 5,639 
43275. 33941. 6.080 8.652 
43803. 6.773 
44680. 8.664 
44947. 9.614 
45392. 12.211 
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TABLE 3 

PERFORMANCE PARAMETERS FOR HYDROGEN AT A STAGNATION PRESSURE OF 
1. ATM AND A STAGNATION TEMPERATURE OF 7000. DEG. R 

THROAT FLOW P6RAMETERTEPUIL.1 = 223.90 LB-SORTI DEG R) /SEC-FT2-ATM 
THROAT FLOW PIRAMETERTFROZEN) = 243.18 LB-SQRTTOEG RI/SEC-FTZ-ATM 

MAX 
MAX 

PRESSURE TEMPERATURE-OEG R 
RATIO EQUIL. FROZEN 

CHAMBER 7coo. 7000. 
THROAT 6643. 5658. 

l.OOOE-C 1 5735. 3289. 
l.OOOE-C2 4856. 1470. 
1. OOOE-C 3 4188. 62.7. 
l.OOOE-C4 3t38. 259. 
!i.OOOE-C5 3483. 
l.OOOE-C5 3115. 
5.000E-C6 2932. 
l.OOOE-C6 2234. 
5.000E-C7 1856. 
1 .OOOE-C7 1184. 

PRESSURE 
RATIO 

CHANBER 
THROAT 

l.OOOE-C 1 
1 .OoOE-C 2 
l.OOOE-C3 
l.OOffE-C4 
5. OOOE-C 5 
l.OOOE-C5 
5,00OE-C6 
l.OOOE-C6 
5. OOOE-C 7 
l.oOOE-C7 

DENS1 TY-LB/FT3 
EQUIL. FROZEN 

2.553E-04 2.553E-04 
1.584E-04 1.628E-04 
3.460E-05 5.4346-05 
4.477E-06 1.216E-05 
5.624E-07 2.852E~06 
6.945E-08 6.903E-07 
3.696E-08 
8.601E-09 
4.635E-09 
1.236E-09 
7.439E-10 
2.333E-10 

PRE SSLRE 
RATIO 

THROAT 
1. OOOE-C 1 
l.O00E-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
1. OOOE-C 5 
5.000E-C6 
l.OOOE-Cb 
5.000E-Cf 
l.O00E-C7 

NOZZLE, AREA RATIO 
EQUIL. FROZEN 

l.COCE 00 l.OOOE 00 
2.3826 00 1.818E 00 
1.389E 01 6.725E 00 
9.560E 01 2.687E 01 
7.059E 02 1.083E 02 
1.298E 03 
5.346E 03 
9.770E 03’ 
3.558i 04 
5.856E 04 
1’.839E 05 

WT FLOW PER UNIT AREATEQUIL.) = 2.676 LB/SEC-FT i 
WT FLOW PER UNIT AREALFROZENI = 2.907 LB/SEC-FTZ 

THROAT PRESSURE RATIO~EQUIL.) = 0.5734 
THROAT PRESSURE RATIOTFROZEN) = 0.5153 

ENTROPY - 3.410E 01 BTU/LB-DEG R 

ENTHALPY-BTU/LB 
EOUIL. FROZEN 

8.179E 04 8.179E 04 
7.609E 04 7.5426 04 
6.072E 04 6.449E C4 
4.480E 04 S.654E C4 
3.230E 04- 5.306E 04 
2.227E 04 5.160E C4 
1.963E 04 
1.412E 04 
1.20lE 04 
7.817E 03 
6.4226 03 
4.048E 03 

MCLECULAR UT. 
ECUIL. FROZEN 
1.3047 1.3047 
1.339F 1.3c47 
1.4484 1.3047 
1.587( 1.3047 
1.719f 1.3047 
1 .a44 5 1.3047 
1 .a800 
1.955E 
1.9837 
2.0151 
2.016C 
2.016 C 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

CACH NUMBER 
ECLIL. FROZEN 

16892. 17856. 1 .coo l.OOC 
32476. 29425. 2.172 2.138 
43032. 35554. 3.302 3.797 
49772. 37926. 4.304 6.118 
54588. 38879. 5.259 9.680 
55782. 5.543 
58201. 6.201 
59104. 6.477 
60853. 7 .C69 
61424. 7.734 
62384. 9.780 

IOEAL ISP-SEC 
EQUIL. FROZEN 

525.0 555-c 
1009.4 914.5 
1337.5 1105.1 
1547.0 1178.8 
1696.6 1208.4 
1733.8 
1808.9 
1837.0 
1891.4 
1909.1 
1939.0 

UAC ISP-SEC 
ECUIL. FROZEN 
978.4 930.1 

1157.7 1046.9 
1447.3 1154.0 
16i2-6 1198.3 
1752.4 1216.3 
17f5.1 
1851.2 
1875.6 
1919.5 
1932.3 
1953.5 
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TA@LE 4 

PERFORMANCE PARAMETERS FOR HYDROGEN AT A STAGNATION PRESSURE OF 
1. ATM AND A STAGNATION TEMPERATLRE OF 8000. DEG P 

THROAT FLOW PPRAHETER(EOUIL.1 = 207.98 LB-SQRTTDEG RI/SEC-FTZ-ATM 
THROAT FLOW PARAMETER(FROZEN1 = 228.46 LB-SPRTTDEG RI /SEC-FT2-ATM 

MAX WT FLOW PER UNIT AREATEQUIL.1 = 2.325 LB/SEC-FT2 
MAX WT FLOW PER UNIT AREAiFROZEN) = 2.554 LB/SEC-FTP 

THROAT PRESSURE RATIOTEQUIL.1 = 0.5701 
THROAT PRESSURE PATIOTFROZEN) = 0.4971 

ENTROPY = 3.877E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R 
RATIO EQUIL. FROZEN 

CHAMBER 8COO. 8000. 
THROAT 7440. 6164. 

l.OOUE-CL 6237. 3366. 
l.OOOE-C2 5216. 1389. 
l.OOOE-C3 4498. 564. 
l.OOOE-C4 3950. 227.. 
5.000E-C5 3808. 
l.OOOE-C5 3507. 
5.000E-C6 3388. 
l.OOOE-C6 3128. 
5.000E-07 3021. 
l.OOOE-C7 2769. 

PRESSURE 
RATIC 

CHAMf3ER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
1.000E-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-07 
I.OOOE-C7 

PRESSURE 
RATIO 

THROAT 
l.OOOE-C 1 
l.OOOE-C2 
1.000E-C3 
l.oooE-c4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
Fi.OOOE-C7 
l.OOOE-C7 

UENSITY-LB/FT3 
ECUIL. FRO2 EN 

1.869E-04 1.869E-04 
1.170E-04 1.206E-04 
2.68lE-05 4.442E-05 
3.545E-06 l.O77E-05 
4.49 2E-07 2.653E-06 
5.537E-08 6.600E-07 
2.937E-08 
6.696E-09 
3.536E-09 
8.002E-10 
4.217E-10 
9.557E-11 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.COOE 00 l.OOOE 00 
2.322E 00 1.714E 00 
1.336E 01 5.940E 00 
9.154E 01 2.277E 01 
6.7886 02 8.964E 01 
1.253E 03 
5.27CE 03 
9.826E 03 
4.207E 04 
7.88PE 04 
3.397E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

1.165E 05 1.165E CS 
1.087E 05 1.075E C5 
8.861E 04 9.400E C4 
6.830E 04 8.462E C4 
5.260E 04 8.078E C4 
4.004E 04 7.923E 04 
3.673E 04 
2.974E 04 
2.700E 04 
2.117E 04 
1.888E 04 
1.399E 04 

MCLEClLAR WT. 
ECUIL. FROZEN 
l.C91C 1.0916 
1.1225 1.0916 
1.22oe l-091.6 
1.3497 1.0916 
1.4751 1.0916 
1.596t 1.0916 
1.6327 
1.7145 
1.7491 
1 l e27i 
1.859E 
1.932C 

VELOCITY-FT/SEC FACH NUMBER 
EQUIL. FRflZEh ECUIL. FROZEN 

19733. 21183. l.CCO l-CCC 
37347. 33542. 2.187 2.133 
49105. 39931. 3 -344 3.926 
56544. 42269. 4.368 6.494 
61857. 43178. 5.333 lC.438 
63182. 5.617 
65892. 6 -269 
66925. 6.549 
69070. 7.197 
69897. 7.477 
71626. 8.135 

IDEAL ISP-SEC 
EQUIL. FROZEN 

613.3 658.4 
1160.8 1042.5 
1526.2 1241.1 
1757.5 1313.8 
1922.6 1342-C 
1963.8 
2048.0 
2080.1 
2146.8 
2172.5 
2226.2 

UAC ISP-SEC 
ECUIL. FROZEN 

1132.1 107c. 1 
1372.1 1184.5 
1647.8 1290.3 
184C.0 1332.6 
i9e4.4 1349.4 
2020.8 
2055.9 
2124.8 
2ie5.0 
22ce.4 
2257.1 

11 



7ABLE 5 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATION PRESSURE OF 
1. ATM AN0 A STAGNATION TEMPERATURE OF 9000. CEG R 

THROAT FLOW PARAHETER(EauIL.) = 207.25 LB-SQRT(OEG RI/SEC-FTZ-ATM 
THROAT FLOW PARAMETERtFROZEN) = 224.31 LB-SaRTtDEG RI/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREb(EaUIL.l = 2.185 LB/SEC-FT 2 
PAX WT FLOW PER UNIT AREb(FROZEN) = 2.364 LB/SEC-FT 2 

THROAT PRESSURE RATIO(E0UIL.I = 0.569@ 
THROAT PRESSURE PATIOIFROZEN) = O.CSC3 

ENTROPY = 4.C62E 01 BTU/LB-OEC R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECLLAR WT. 
RAT CC EQUIL. FROZEN EQUIL. FROZEN ECLIL. FROZEN 

CHAMBER 9coo. 9coo. 1.32oE 05 1.320E G5 1.0315 1.0315 
THKOAT 8049. 6808. 1.229E 05 1.213E Of 1.c55t 1.0315 

l.OOOE-Cl 6484. 3644. 1.004E 05 1.058E 05 1.1463 1.0315 
l.OOOE-C2 5353. 1466. 7.808E 04 9.513E 04 1.2704 1.0315 
l.OOOE-C3 4599. 587. 6.102E 04 9.087E 04 1.392C 1.0315 
l.OOOE-C4 4037. 234. 4.742E 04 8.917E C4 1.51c5 1.0315 
5. OOOE-C 5 3892. 4.385E 04 1.545t 
1. OOOE-C 5 3591. 3.631E 04 1.625E 
5.000E-C6 3473. 3.335E 04 1.659E 
l.OOOE-C6 3220. 2.705E 04 1.7374 
5.000E-07 3119. 2.456E 04 1.77ci 
l.OOOE-07 2895. 1.924E 04 1.8445 

PRESSURE DENS1 TV-LBlFT3 
RATIO EQUIL. FROZEN 

CHAMBER 1.570E-04 1,57OE-04 
THROAT l.O24E-04 l.O18E-04 

l.OOOE-Cl 2.422E-05 3.877E-05 
l.OOOE-C2 3.251E-06 9.636E-06 
l.OOOE-C3 4.146E-07 2.4076-06 
l.OOOE-C4 5.1266-08 6.028E-07 
5.000E-C5 2.72CE-08 
l.OOOE-C5 6.202E-09 
5.000E-C6 3.2746-09 
1 .OOOE-C6 7.391E-10 
S.OOOE-C7 3.888E-10 
l.OOOE-07 8.728E-11 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC PAC ISP-SEC 
RATIC EQUIL. FROZEN EQUIL. FROZEN ECLIL. FROZEN 

THROAT 1,OOCE 00 l.OOOE 00 663.4 722-l 1215.3 1160.9 
l.OOOE-Cl 2.265E 00 1,681E 00 1237.8 1127.C 1457.2 1278.C 
l.OOOE-C2 1.293E 01 5.709E 00 1615.5 1336.C 1740.7 1387.1 
l.OOOE-C3 8.835E 01 2.164E 01 1853.4 1411.1 193e.9 1430.4 
L. OOOE-C4 6.548E 02 8.466E 01 2022.9 1440.C 2086.3 1447.6 
5.0OOE-C5 1.209E 03 2065.2 2123.7 
l.OOOE-C5 5.08PE 03 2151.7 22Cl.O 
5,00OE-C6 9.494E 03 2184.7 223C.7 
l.OOOE-C6 4.077E 04 2253.4 2252.8 
5.000E-C7 7.661E 04 2279.9 2317.0 
l.OOOE-C7 3.331E 05 2335.7 23t7.9 

VELOCITY-FT/SEC 
EPUIL. FROZEN 

)rACH NUMBER 
ECUIL. FROZEN 

21343. 23234. l.COO l.CCC 
39824. 36280. 2.209 2.131 
51978. 42986. 3.385 3.972 
59630. 45400. 4.421 6.62C 
65086. 46330. 5.397 10.684 
66446. 5.683 
69229. 6.341 
70291. 6.621 
72500. 7.269 
73354. 7.548 
75147. 8.198 



- 

TABLE 6 

PERFORMANCE PARAMETERS FOR HYDROGEN AT A STAGNATION PRESSURE GF 
1. ATM AND A STAGNATION TEMPERATURE OF 10000. DEG R 

THROAT FLOW PARAHETERIEQUIL.) = 211.16 LB-SPRT(CEC RI /SEC-FTZ-ATM 
THROAT FLOH PARAMETERiFROZENI = 223.26 LB-SQRT T CEC RT /SEC-FTE-ATM 

PAX kT FLOW PER UNIT AREALEQUIL.) = 2.112 LB/SEC-FT i 
FAX WT FLOW PER UNIT AREALFROZEN) = 2.233 LB/SEC-F12 

THROAT PRESSURE RATIOLEQUIL.) = 0.57C9 
THROAT PRESSURE RATIOtFROZEF) = 0.4883 

ENTROPY = 4.145E 01 BTU/LB-DEG A 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECLLAR HT. 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER lOCOO. 10000. 1.399E 05 1.399E 05 l.Cl59 1.0159 
THROAT 8567. 7523. 1.299E 05 1.277E C5 1.031t l.OlSY 

l.OOOE-C 1 6622. 4005. 1.058E 05 1.104E C5 1.1155 1.0159 
I .OOOE-C2 5418. 1601. 8.257E 04 9.8blE 04 1.2371 1.0159 
l.OOOE-C3 4643. 639. 6.488E 04 9.390E 04 1.3565 1.0159 
l.OOOE-C4 4072. 254. 5.O8lE 04 9.202E C4 1.4735 1.0159 
5.000E-C5 3927. 4.712E 04 1.5085 
l.OOOE-C5 3624. 3.932E 04 1.587F 
5.000E-C6 3 506. 3.626E 04 1.621: 
l.OOOE-C6 3254. 2.975E 04 1.6985 
5.000E-C7 3154. 2.718E 04 1.7312 
l.OOOE-07 2935. 2.167E 04 1.8055 

PRESSURE DENSITY-LB/FT3 
RATIC EQUIL. FRCZEN 

CHAHBE P 1.392E-04 1.392E-04 
THROAT 9.417E-05 9.033E-05 

l.OOOE-Cl 2.307E-05 3.475E-05 
l.OOOE-C2 3.128E-06 8.694E-06 
l.OOOE-C3 4.003E-07 2.179E-06 
l.OOOE-C4 4.958E-08 5.469E-07 
5.000E-C5 2.63 lE-08 
1. OOOE-C 5 6.002E-09 
5.000E-C6 3.168E-09 
l.OOOE-C6 7.150E-10 
5,00OE-C7 .3.760E-LO 
l.OOOE-C7 8.427E-11 

PRE SSLRE NOZZLE AREA RATIO IDEAL ISP-SEC VAC ISP-SEC 
RATIC EQUIL. FROZEN EQUIL. FROZEK ECUIL. FRCZEN 

THROAT l.OOOE 00 l.OOOE 00 696.9 768.2 1269.0 1231.0 
l.OOOE-Cl 2.215E 00 1.6726 00 1284.2 1194.7 15C6.2 1353.1 
l.OOOE-C2 1.2bOE 01 5.64bE 00 1665.6 1413.7 1791.8 1467.2 
l.OOOE-C3 8.604E 01 2.134E 01 1905.3 1492.1 1991.5 1512.4 
l.OOOE-C4 6.376E 02 8.335E 01 2076.1 1522.3 214c.o 1530.2 
5.000E-C 5 1.177E 03 2118.7 2177.7 
l.OOOE-C5 4.957E 03 2205.9 2255.5 
5.000E-C6 9.252E 03 2239.2 22e5.5 
l.OOOE-C6 3.97bE 04 2308.4 2348.2 
5.000E-07 7.475E 04 2335.2 2372.6 
l.OOOE-C7 3.256E 05 2391.5 2424.1 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

22424. 
41319. 
53589. 
61300. 
66797. 
68167. 
70972. 
72043. 
74270. 
75132. 
76944. 

24715. 
38438. 
45483. 
48008. 
48979. 

?‘ACH NUMBER 
ECLIL. FRCZEN 

1.000 l.OOC 
2.233 2.13C 
3.420 3.985 
4.464 6.656 
5.446 10.753 
5.734 
6.394 
6.676 
7.326 
7.605 
8.255 
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TAE!LE 7 

PERFORMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
1. ATM AND A STAGNATION TEMPERATURE OF 12000. DEG R 

THROAT FLOW PARAMETER(EaUIL.1 = 206.82 LB-SaRTtCEG RI/SEC-FTZ-ATM 
THROAl FLOW PARAMETER(FROZEN1 = 212.39 LB-SaRTtCEG RI/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREAlEaU1L.I = 1.888 LB/SEC-FT2 
PAX WT FLOW PER UNIT AREA(FROLEN1 = 1.939 LB/SEC-FT; 

THROAT PRESSURE PATIOIEaUIL.) = 0.5372 
THROAT PRESSURE RATIOiFROZEN) = 0.4593 

ENTROPY - 4.247E 01 BTU/LB-DEG A 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB HCLEC TLAR hf. 
RATIC EQUIL. FROZEN E4UIL. FROZEh ECLIL. FROZEN 

CHAMBER 12coo. 12000. 1.497E 05 1.4976 C5 1 .CO9? 1.0093 
THROAT 9566. 8799. 1.380E 05 1.353E C5 1.0147 l.OC93 

l.OOOE-Cl 6E37. 4785. 1.127E 05 1.155E C5 1.080; 1.0093 
l.OOOE-C2 5502. 1906. 8.815E 04 1.013E CC 1.1983 l.COY3 
l.OOOE-C3 4697. 759. 6.964E 04 9.569E 04 1.3152 1.0093 
l.OOOE-C4 4115. 302. 5.499E 04 9.344E C4 1.4305 1.0093 
S.OOOE-C5 3967. 5.115E 04 1.465C 
l.OOOE-C5 3661. 4.304E 04 1.5432 
5.000E-C6 3543. 3.986E 04 1.576d 
l.OOOE-C6 3291. 3.309E 04 1.6526 
5. OOOE-C 7 3192. 3.042E 04 1.6845 
1 .OOOE-07 2976. 2.469E 04 1.758E 

PRESSURE DENS1 TY-LB/FT3 
RATIC EQUIL. FROZEN 

CHAMBER l.lStE-04 l.l52E-04 
THROAT 7.806E-05 7.217E-05 

l.OOOE-C 1 2.164E-05 2.889E-05 
l.OOOE-C2 2.983E-06 7.253E-06 
l.OOOE-C3 3.838E-07 1.821E-06 
l.OOOE-C4 4.764E-08 4.573E-07 
5.000E-C5 2.529E-08 
1 .OOOE-C5 5.774E-09 
5.000E-Cb 3.04 eE-09 
l.OOOE-C6 6.8796-10 
5.000E-C7 3.616E-LO 
1 .OOOE-07 8.096E-11 

PRE SSUPE NOZZLE AREA RATIO IOEAL ISP-SEC VAC I SP- SEC 
RATIC EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

THROAT l.OOOE 00 l.OOOE 00 751.8 835.C 1353.8 1336.2 
1. OOOE-C 1 2.027E 00 1.622E OC 1337.9 1285.9 1565.1 1462.9 
l.OOOE-C2 1.14cE 01 5.432E 00 1725.5 1529.5 1853.3 1588.8 
l.OOOE-C3 7.770E 01 2.047E 01 1967.8 1616.3 2054.9 1638.7 
l.OOOE-C4 5.755E 02 7.987E 01 2140.3 1649.7 22C4.8 1658.4 
5. OOOE-C 5 1.063E 03 2183.3 2242.9 
l.OOOE-C5 4.475E 03 2271.3 2321.5 
5.000E-Cb 8.353E 03 2304.9 2351.7 
l.OOOE-C6 3.592E 04 2374.8 2415.1 
5.000E-C7 6.756E 04 2401.9 2439.8 
l.OoOE-07 2.948E 05 2458.9 2451.9 

VELOCITY-FT/SEC 
EQUIL. FROZEh 

24187. 
43047. 
55518. 
63313. 
68863. 
70246. 
73077. 
74159. 
76408. 
77280. 
79113. 

26865. 
41374. 
49211. 
52.004. 
53076. 

PACH NUMBER 
ECUIL. FROZEN 

l-CC0 l.OOC 
2.246 2.088 
3.457 3.934 
4.512 6.588 
5.502 10.654 
5.792 
6.457 
c .?4C 
7.394 
7.674 
8.323 
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TABLE 8 

PERFORMANCE PARAMETERS FOR HYOROGEN AT A STAGNATION PRESSURE OF 
1. ATH AN0 A STAGNATION TEMPERATURE OF 14000. DEG R 

THROAT FLOW PARAME.TERT EQUIL. 1 = 219.89 LB-SCJRTiOEG RI/SEC-FTZ-ATY 
THKOAT FLOW PARAHETEKTFROZENJ = 213. 75 LR-SG)RT( OEG R 1 /Slit-FT?-ATY 

MAX 
MAX 

PRESSURE TEMPERATURE-OEG R ENTHALPY-BTU/LB MOLECULAR WT. 
RATIO EQUIL. FROZEN EQUI L. t= ROZEN ECKJIL. FROZEN 

CHAMBER 14000. 14000. 1.598E 05 1.598E 05 1.0084 1.0084 
THROAT 11148. 10297. 1.455E 05 1.429E 05 l.FOY4 1.@084 

l.OOOE-01 7062. 5579. 1.181E 05 l..19bE 05 1.0557 1.0084 
l.OOOf-02 5572. 2222. 9.244E 04 1.031E 05 1.1703 1.0084 
l.OOOE-03 4739. 885. 7.330E 04 9.648E 04 1.2862 l.C0R4 
l.OOOE-04 4146. 352. 5.RlYE 04 9.38bE 04 1.3997 l.OOR4 
5.000E-05 3997. 5.423E 04 1.4334 
l.COOE-05 3688. 4.58YE 04 1.5106 
5.000E-06 3569. 4.261E 04 1.5435 
l.OGOE-06 3317. 3.565E 04 1.6189 
5.00OE-07 3217. 3.2YOE 04 1.6510 
l.OOOE-07 3003. 2.701E 04 1.7243 

PKESSUKE DENSITY-LB/FT3 
KATIO EOUIL. FROZEN 

CHAMBER 9.867E-05 9.867E-05 
THROAT 6.957E-05 6.211E-05 

l.OOOE-01 2.048E-05 2.476E-05 
l.OOOE-02 2.877E-06 6.218E-06 
l.OOOE-03 3.718E-07 1.562E-06 
l.OOOE-04 4.625E-08 3.922E-07 
5.000E-05 2.456E-08 
l.OOOE-05 5.611E-09 
5.000E-06 2.962E-09 
l.OOOE-06 6.686E-10 
5.000E-07 3.515E-10 
l.OOOE-07 7.865E-11 

PRESSUHE NOZZLE AREA RATIO IDEAL ISP-SEC VAC ISP-SEC 
RATIO EOUIL. FROZEN EQUI L. FROZEN EOUIL. FHOZ EY 

THROAT l.OOOE 00 l.OOOE 00 830.3 903.9 1468.9 1446.3 
l.OOOE-01 1.987E 00 1.628E 00 1419-A 1393.4 1646.0 1584.0 
l.OOOE-02 1.113E 01 5.454E 00 1804.4 1655.8 1931.1 1719.6 
l.OOOE-03 7.597E 01 2.055E 01 2044.8 1749.3 2131.3 1773.4 
l.OOOE-04 5.63bE 02 8.01YE 01 2216.3 1785.2 2280.5 1794.6 
5.000E-05 1.041E 03 2259.1 231H. 3 
l.OOOE-05 4.387E 03 2346.7 2396.6 
5.000E-06 8.192E 03 2380.2 2426.8 
l.OOOE-06 3.52bE 04 2449.9 2490.0 
5.000E-07 6.635E 04 2476.9 2514.7 
l.OOOE-07 2.899E 05 2533.8 2566.9 

WT FLOW PEK UNIT AREATEOU1L.J = 1.858 LB/&C-FT2 
WT FLOW PER UNIT AREAtFROZENJ = 1.807 LB/SEC-FT2 

THROAT PKESSURE HATIO(EOU1L.J = 0.5609 
THROAT PRESSURE RATIO(FRflZENJ = 0.4630 

ENTROPY = 4.325E 01 BTU/LB-DEG R 

VELOCI TY-FT/S EC 
EQUIL. FKOZEN 

26713. 
45680. 
58055. 
65791. 
71307. 
72683. 
75502. 
76580. 
78822. 
7969 1. 
81521. 

29084. 
44830. 
53273. 
56283. 
57438. 

YACH NUMBER 
EQUIL. FROZEN 

1.330 1.900 
2.311 2.394 
3.546 3.943 
4.613 6.632 
5.612 10.677 
5.905 
6.576 
6.861 
7.520 
7.832 
8.456 
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lA@LE 9 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATION PRESSURE OF 
1. ATM AND A ST;.GNATION TEMPERATURE OF 16000. OEG R 

THROAT FLOW PARAMETER(EQUIL.1 = 220.73 LB-SaRT(DEG RI/SEC-FTZ-ATM 
THROAT FLOW PARAHETERIFROZENI = 222.71 LB-SQRTIDEG RI/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREAIEaUIL.1 = 1.745 LB/SEC-FT2 
FAX kT FLOW PER UNIT AREPtFROZEN) * 1.761 LB/SEC-FT2 

THROAT PRESSURE PATIO~EQUIL.~ = 0.5516 
THROAT PRESSURE RATIOtFROZEN) = 0.4&7? 

ENTRCPV = 4.391E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLEC ULAR kT. 
RATIC EQUIL. FROZEN EQUIL. FROZEh ECLIL. FROZEN 

CHAPBER 16COO. 16000. 1.697E 05 1.697E C5 1 .coat 1.0082 
THROAT 12627. 12005. 1.530E 05 1.500E 05 1 -CO85 1.ooe2 

l. OOOE-c 1 7339. 6352. 1.228E 05 1.222E C5 1 .O37C 1.0082 
l.OOOE-C2 5638. 2472. 9.615E 04 1.035E C5 1.147: 1.0082 
l.OOOE-C3 4775. 946. 7.645E 04 9.632E C4 1.26lt 1.0082 
l.OOOE-C4 4172. 359. 6.094E 04 9.357E 04 1.3735 1.0082 
5. OOOE-C 5 4022. 5.689E 04 1.407; 
l.OOOE-C5 3710. 4.834E 04 1.4836 
S.OOOE-C6 3590. 4.498E 04 1.5162 
l.OOOE-C6 3338. 3.786E 04 1.59cs 
S.OOOE-C7 3238. 3.504E 04 1.6227 
l.OOOE-C7 3025. 2.900E 04 1.695f 

PRESSURE DENSITY-LB/FT3 
RATIO EQUIL. FROZEN 

CHAMBER 8.632E-05 8.632E-05 
THRCAT 6.035E-05 5.606E-05 

1. OOOE-C 1 1.936E-05 2.174E-05 
l.OOOE-C2 2.78RE-06 5.587E-06 
l.OOOE-C3 3.619E-07 1.460E-06 
l.OOOE-C4 4.51 lE-08 3.847E-07 
S.OOOE-C5 2.397E-08 
l.OOoE-C5 5.477E-09 
5.000E-C6 2.892E-09 
1. OOOE-C 6 6.530E-LO 
5. OOOE-C 7 3.433E-10 
l.OOOE-C7 7.679E-11 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC LAC ISP-SEC 
RATIC EOIIIL. FROZEN EQUIL. FROZEh ECUIL. FROZEh 

THROAT l.OOCE 00 l.OOOE 00 898.7 976.2 1567.6 1561.9 
l.OOOE-Cl 1.862E 00 1.662E 00 1505.0 1514.8 1730.8 1714.4 
1. OOOE-C 2 1.032E 01 5.477E 00 1885.7 1788.4 2C10.8 1854.2 
l.OooE-C 3 7.057E 01 1.990E 01 2123.3 1883.5 22C8.9 1907.4 
l.OOOE-C4 5.244E 02 7.415E 01 2293.1 1918.5 2356.7 1927.4 
S.OOOE-C 5 9.69CE 02 2335.5 2354.2 
l.OOOE-C5 4.08PE 03 2422.4 2472.0 
S.OOOE-C6 7.636E 03 2455.6 25Cl.9 
1 .OOOE-C6 3.29CE 04 2524.8 2564.7 
S.OOOE-C7 6.192E 04 2551.7 25ES.2 
1 .OOOE-C7 2.708E 05 2608.2 2641.1 

VELOC ITY-FT/SEC 
EQUIL. FROZEh 

CIACH NUMBER 
ECUIL. FROZEN 

28915. 31409. 1 .ccc 1.000 
48422. 48736. 2.373 2.124 
60671. 57541. 3.645 3.909 
68316. 60599. 4.724 6.760 
73778. 61725. 5.733 11.155 
75142. 6 .C29 
77930. 6.706 
79007. 6.994 
81234. 7.659 
82098. 7.944 
83918. 8.603 
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TASLE 10 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT’A STAGNATION PRESSURE OF 
1. ATM AND A STAGNATICN TEMPERATURE OF 18000. DEG R 

THROAT FLCW PARAMETERIEQUIL.1 = 221.27 LB-SaRTfCEE R)/SEC-FTZ-ATM 
THROAT FLCW PARAMETERLFROZENI = 222.69 LB-SQRTTCEG RI/SEC-FTZ-ATM 

FAX kT FLOW PER UNIT AREPIEQUIL. 1 = 1.649 LB/SEC-FTi 
MAX kT FLOW PER UNIT AREA(FROZEN1 = 1.66C LB/SEC-FT; 

THROAT PRESSURE PATIOTEaUIL.1 = 0.5427 
THROAT PRESSURE PATIO(FROZEN1 = 0.4874 

ENTROPY = 4.449E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLEClLAR WT. 
RATIO EBUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER 10c00. 18000. L.796E 05 1.796E C5 1.0081 1.0081 
THROAT 14105. 13508. 1.603E 05 1.574E C5 1.008i 1.0081 

l.OOOE-Cl 7710. 7156. 1.272E 05 1.262E C5 l-C234 1.0081 
l.OOOE-C2 5701. 2793. 9.945E 04 1.051E C5 1.1277 1.0081 
l.OOOE-C3 4808. 1070. 7.924E 04 9.692E 04 1.2407 1.0081 
l.OOOE-C4 4195. 407. 6.338E 04 9.381E C4 L.35lf 1.0081 
S.OOOE-C5 4043. 5.923E 04 1.384E 
l.OOOE-C5 3729. 5.050E 04 1.460: 
S.OOOE-C6 3609. 4.708E 04 1.492E 
1.000E-c6 3355. 3.980E 04 1.5665 
S.OOOE-07 3755. 3.693E 04 1.598: 
1.0OOE-C7 3042. 3.077E 04 1.6705 

PRESSUPE DENSITY-LB/FT3 
RATIC EQUIL. FROZEN 

CHAMBER 7.672E-05 7.672E-05 
THROAT 5.314E-05 4.983E-05 

l.OOOE-Cl 1.818E-05 1.930E-05 
l.OOOE-C2 2.710E-06 4.945E-06 
1 .OOOE-C3 3.535E-07 1.290E-06 
l.OOOE-C4 4.414E-08 3.397E-07 
S.OOOE-C5 2.346E-08 
l.OOOE-C5 s-3656-09 
5.000E-C6 2. B33E-09 
l.OOOE-C6 6.398E-10 
S.OOOE-C7 3.363E-10 
l.OOoE-07 7.524E-11 

PRE SSLRE NOZZLE AREA RAT10 IDEAL ISP-SEC VAC ISP-SEC 
RATIC E4UI L. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

THROAT l.OOCE 00 l.OOOE 00 964.7 1035.3 1661.0 1656.7 
l.OOOE-Cl 1.772E 00 1.663E 00 1591.1 1607-C 18 18.4 1819.0 
l.OOOE-C2 9.611E 00 5.497E 00 1968.4 1897-S 2091.7 1968.0 
l.OOOE-C3 6.583E 01 2.000E 01 2202.7 1999.2 22E7.1 2024.7 
1,00OE-C4 4.900E 02 7.457E 01 2370.4 2036.5 2433.2 2046.0 
S.OOOE-C5 9.05FE 02 2412.3 2470.4 
l.OOOE-C5 3.825E 03 2498.3 2547.4 
S.OOOE-C6 7.148E 03 2531.2 2577-C 
l.OOOE-C6 3.082E 04 2599.8 2639.3 
S.OOOE-07 S.BO?E 04 2626.4 2663.6 
l.OOOE-07 2.540E 05 2682.5 2715.1 

VELOC ITY-FT/SEC 
EQUIL. FRO2 EN 

CACH NUMBER 
ECUIL. FROZEN 

31039. 33311. l-COO l.OOC 
51193. 51703. 2.421 2.125 
63330. 61063. 3.748 3.986 
70869. 64321. 4.841 6.74fl 
76265. 65522. 5.861 11.129 
77613. 6.160 
80380. 6 -844 
81439. 7.135 
83645. 7.806 
84501. 8.693 
86306. 8.758 
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TABLE 11 

PERFORMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
1. ATM AN0 A STAGNATION TEMPERATURE OF 20000. DEG R 

THROAT FLCW PARAMETERTEaUIL.1 = 198.16 LB-SQRT( CEG RI /SEC-FTZ-ATM 
THROAT FLObi PARAMETFRiFROZEN) = 218.18 LB-SaRTtCEC RI/SEC-FTZ-ATM 

MAX WT FLOW PER UNIT AREATEaUIL.1 = 1.401 LB/SEC-FTi 
PAX WT FLOW PER UNIT AREATFROZENB = 1.543 LB/SEC-FT2 

THROAT PRESSURE RATIOTEaUIL.1 = 0.5658 
THROAT PRESSURE RATIOTFROZENI = 0.4874 

ENTROPY = 4.C59E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R 
RATIO EQUIL. FROZEN 

CHAMBER 2ocoo. 20000. 
THROAT 18132. 15012. 

l.OOOE-Cl 10957. 7960. 
l.OOOE-C2 6C17. 3119. 
l.OOOE-C3 4936. 120.1. 
1 .OOOE-C4 4279. 458. 
5.000E-C 5 4119. 
1. OOOE-C 5 3795. 
5. OOOE-C 6 3671. 
l.OOOE-C6 3412. 
S.OOOE-C7 3312. 
l.OOOE-07 3098. 

PRESSURE 
RATIO 

CHAM8EP 
THROAT 

1. OOOE-C 1 
1. OOOE-C 2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C 5 
1. OOOE-C 5 
S.OOOE-C6 
l.OOOE-C6 
S.OOOE-C7 
l.OOOE-C7 

PRESSURE 
RATIC 

THROAT 
l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
S.OOOE-C 5 
l.OOOE-C5 
S.OOOE-C6 
l.OOOE-C6 
s.OOOE-07 
l.OOOE-C7 

DENS1 TV-L8/FT3 
EQLIL. FROZEN 

6.629E-05 6.629E-05 
4.212E-05 4.305E-05 
1.260E-05 1.666E-05 
2.420E-06 4.251E-06 
3.247E-07 l.l04E-06 
4.088E-08 2.893E-07 
2.176E-08 
4.98 9E-09 
2.637E-09 
5.962E-10 
3.135E-10 
7.015E-11 

NOZZLE AREA RATIO 
E4UIL. FROZEN 

l.OOOE 00 l.OOOE 00 
1.842E 00 1.665E 00 
7.950E 00 5.522E 00 
5.386E 01 2.018E 01 
4.017E 02 7.557E 01 
7.433E 02 
3.145E 03 
5.883E 03 
2.542E 04 
4.791E 04 
2.102E 05 

ENTHALPV-BTU/LB 
EPUIL. FROZEN 

2.177E 05 2.177E 05 
1.956E 05 1.920E 05 
1.449E 05 1.559E 05 
1.117E 05 1.314E 05 
8.944E 04 1.219E 05 
7.226E 04 1.182E C5 
6.779E 04 
5.839E 04 
5.471E 04 
4.690E 04 
4.381E 04 
3.720E 04 

MCLEClLAR WT. 
ECUIL. FROZEN 
0.967t C-9678 
0.9855 0.9678 
l.COBi 0.9678 
1.0622 0.9678 
1.17OC 0.9678 
1.277C 0.9678 
1.309s 
1.3821 
1.4134 
1.4852 
1.515E 
1.5862 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

MACH NUMBER 
ECUIL. FROZEN 

33266. 35837. l-COO l.OCC 
60369. 5563C. 2.040 2.127 
72838. 65723. 4 .C56 3.984 
80120. 69251. 5.237 6.732 
85319. 70556. 6.305 11.079 
86621. 6.Cl7 
89296. 7.329 
90321. 7.631 
92461. 8.328 
93293. 8.C26 
95049. 9.314 

IDEAL ISP-SEC 
EQUIL. FROZEN 
1033.9 1113.5 
1876.3 1729-C 
2263.9 2042.7 
2490.2 2152.4 
2651.8 2193.0 
2692.3 
2775.4 
2807.3 
2873.8 
2899.6 
2954.2 

VAC ISP-SEC 
ECLIL. FROZEN 

18E8.3 1782.4 
2154.4 1957.4 
23f3.9 2118.5 
2571.5 2180.1 
27 12.5 2203.3 
2748.4 
2822.9 
2851.7 
29 12.2 
2935.8 
29e5.9 
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TABLE 12 

PERFCRCANCE PARAMETERS FOR kVOROGEN AT A STAGNATICN PRESSUPE OF 
1. ATP AND A STAGNATICN TEMPERATURE OF 3CCC0. CEG R 

THROAT FLCIV PbRAMETER(EaUIL.1 = 156.34 LB-SaRTICEG RI/SEC-FT2-ATP 
THROAT FLCW PARAMETER(FROZEN) = 174.39 LB-SaRTfGEG RI/SEC-.FT2-ATP 

PAX WT FLOW PER UNIi AREA(EaUIL.1 = 0.90’3 LB/SEC-FTi 
PAX kT FLCW PER UNIT ARELiFROZEN) = 1.007 LB/SEC-FTi 

THROAT PRESSURE RATIO(EaUIL.1 = 0.5586 
THROAT PRESSURE RATIOlFRoZEN) = 0.4875 

ENTROPY = 6.511E 01 BTU/LB-OEG R 

PRESSURE TEMPERATURE-OEG H 
RATIO EOUIL. FROZEN 

CHAMBER 30000. 30000. 
THROAT 2BC41. 22569. 

1. OOOE-C 1 23521. 11981. 
l.OOOE-C2 19 760. 4761. 
l.OOOE-C3 16 116. 1883. 
1 .OOOE-C4 13521. 743. 
5. OOOE-C 5 12 758. 561. 
l.OOOE-C5 10571. 292. 
S.OOOE-C6 8865. 
l.OOOE-C6 4725. 
S.OOOE-07 3998. 
l.OOOE-C7 3519. 

PRESSURE 
RATIG 

CHAMBER 
THROAT 

1. OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
S.OoOE-C5 
1. OOOE-C 5 
S.OOOE-C6 
L.OOOE-C6 
S.OOOE-07 
l.OOOE-07 

PRESSURE 
RATIC 

THROA 1 
l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-03 
l.OOOE-C4 
s.OOOE-C5 
l.OOOE-C5 
S.OOOE-C6 
l.OOOE-C6 
S.OOOE-C7 
l.OOOE-07 

DENSITY-LB/FT3 
EQUIL. FROZEN 

2.832E-05 2.8326-05 
1.748E-05 l.B35E-05 
4.088E-06 7.091E-06 
S.Sf’E-07 1.784E-06 
7.336E-08 4.511E-07 
9.502E-09 l.l44E-07 
5.147E-09 7.571E-08 
l-2956-09 2.905E-08 
7.783E-10 
2.924E-10 
1.748E-10 
4.169E-11 

NOZZLE AREA RATIO 
EQUI L. FROZEN 

l.OOCE 00 l.OOOE 00 
2.3OCE 00 1.667E 00 
1.289E 01 5.601E 00 
8.55lE 01 2rlOOE 01 
6.072E 02 8.120E 01 
1.100E 03 1.223E 02 
4.219E 03 3.174E 02 
6.936E 03 
1.813E 04 
3.017E 04 
1.253E 05 

ENTHALPY-BTU/L8 
EQUIL. FROZEN 

6.947E 05 6.947E 05 
6.415E 05 6.346E 05 
5.106E 05 5.497E C5 
3.792E 05 4.920E C5 
2.8llE 05 4.691E C5 
2.058E 05 4.601E 05 
1.868E 05 4.586E C5 
1.497E 05 4.565E C5 
1.363E 05 
1.154E 05 
1.095E 05 
9.815E 04 

MCLEClLAR WT. 
ECUIL. FROZEN 
0.6202 0.6202 
0 -6407 0.6202 
0.7012 0.62C2 
0.783 C 0.6202 
0.863C 0.6202 
0.937! 0.6202 
0.958E 0.6202 
0.9994 0.62C2 
l-CO73 
1 -CO86 
1 .c20 ‘ 
1.071: 

VELOC ITV-FTJSEC PACH NUMBER 
EQUIL. FROZEN ECUIL. FROZEN 

51626. 54862. 1 .cco l.CCC 
96011. 85198. 2.171 2.129 

125675. 100743. 3.369 3.988 
143896. 106280. 4 -465 6.680 
156441. 108389. 5.549 10.84C 
159466. 108721. 5.884 12.509 
165173. 109209. 6.659 17.399 
167196. 6.631 
170301. 10.576 
171156. 11.725 
172814. 13.CO2 

IDEAL ISP-SEC 
EBUIL. FROZEN 
1604.6 1705.2 
2984.1 2648-C 
3906.1 3131.2 
4472.4 3303.3 
4862.3 3368. e 
4956.4 3379.1 
5133.7 3394.3 
5196.6 
5293.1 
5319.7 
5371.2 

\rAC ISP-SEC 
ECClIL . FRO ZEN 

2914.1 2729.7 
3523.3 2998.3 
42c9.2 3248.9 
4672.9 3347.4 
5oc4.7 3385.9 
5085.3 3392.0 
5232.7 3401.0 
5277.9 
5335.6 
5355.1 
54CC.6 
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TABLE 13 

PERFGRMANCE PARAMETERS FOR T’YDROGEN AT C STAGNATICN PRESSURE OF 
1. ATT’ AND A STAGNATICN TEMPERATURE OF 4CCCO. CEG P 

THROAT FLOW PARAHETER(EOUIL.1 = 148.19 LB-SQRTTCEE RI/SEC-FT2-ATM 
THROAT FLCW PARAHETERTFROZEN1 = 158.73 LB-SQRT( CEG RI /SEC-FT2-ATM 

PAX kT Fl.Obl PER UNIT ARE4fEQUIL.J = 0.741 LB/SEC-F12 
f’AX WT FLOW PER UNIT AREATFROZEN) = 0.794 LB/SEC-FTi 

THROAT PRESSURE PATIO(EQUIL.~ = 0.4906 
THR;;fR’fttSSURE PATIO/FROZEN) = 0.4e78 

s 7.546E 01 BTU/LB-DEG A 

PRESSLRE TEMPERATURE-DEG R 
RATIC EQUIL. FROZEN 

CHAPBER 4ocoo. 40000. 
THROAT 33770. 30032. 

1. OOOE-C 1 26711. 15936. 
l.OOOE-C2 21286. 6344. 
l.OOOE-C3 17805. 252.5. 
l.OoOE-C4 15266. 1005. 
5. OOOE-C 5 14621. 761. 
l.OOOE-C5 13273. 400. 
5.000E-C6 12743. 
l.OOOE-C6 11589. 
5.0OOE-C7 11108. 
l.OOOE-C7 9915. 

PRESSURE 
RATIC 

CHACBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
L.OOOE-C5 
5,00OE-C6 
1 .OOOE-C6 
5.0OOE-07 
l.OOOE-07 

PRESSURE 
RATIC 

THROAT 
1. OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5. OOOE-C 6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-C7 

DENSITY-L8/FT3 
EOUIL. FROZEN 

1.753E-05 1.753E-05 
l.O47E-05 l.l39E-05 
2.924E-06 4.400E-06 
4.121E-07 l.l05E-06 
5.473E-08 2.777E-07 
7.012E-09 6.980E-08 
3.759E-09 4.6066-08 
8.7746-10 1.754E-08 
4.67BE-10 
l.O83E-10 
5.767E-11 
1.350E-11 

NOZZLE AREA RATIO 
EOUIL. FROZEN 

l.COCE 00 l.OOOE 00 
2.17CE 00 1.667E 00 
1.194E 01 5.613E 00 
7.914E 01 2.117E 01 
5.702E 02 8.257E 01 
1.044E 03 1.247E 02 
4.313E 03 3.260E 02 
7.981E 03 
3.356E 04 
6.239E 04 
2.614E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

1.042E 06 1.042E CC 
9.42OE 05 9.450E C5 
7.695E 05 8.08lE C5 
5.893E 05 7.150E CS 
4.573E 05 6.780E 05 
3.561E 05 6.632E 05 
3.301E 05 6.609E C5 
2.762E 05 6.5746 C5 
2.553E 05 
2.118E 05 
1.949E 05 
1.610E 05 

MCLEClLAR WT. 
ECUIL. FROZEN 
0.511E 0.511a 
0.526C 0.5118 
0.5701 0.5118 
0.6403 0.5118 
0.7111 0.5118 
0.7815 0.5118 
0.8024 0.5118 
0.8501 0.5118 
o.e704 
0.9162 
0.9354 
0.977c 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

C’ACH NUHBER 
ECUIL. FROZEN 

70777. 69694. l.CCO 1.000 
116805. 108207. 2.123 2.13c 
150552. 127943. 3.421 3.992 
171089. 134998. 4.560 6.676 
185303. 137705. 5.644 10.795 
188781. 138134. 5 -966 12.44C 
195805. 138768. 6.712 17.247 
198449. 7.034 
203869. 7.792 
205931. 8.126 
210011. a.941 

IDEAL ISP-SEC 
EQUIL. FROZEN 
2199.8 2166.2 
3630.4 3363.2 
4679.3 3976.6 
5317.6 4195.9 
5759.4 4280.C 
5867.5 4293.3 
6085.8 4313-C 
6168.0 
6336.4 
6400.5 
6527.3 

\AC ISP-SEC 
ECuIL. FROZEN 

36Cl.O 3466.6 
4250.0 3807.7 
5020.4 4126.2 
5543.6 4252.3 
5922.2 4302.0 
6016.6 431c.c 
62C9.C 4321.7 
62E2.0 
6432.3 
64E9.6 
66C2.C 
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TABLE 14 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSUFE GF 
1. Alp AND A STAGNATICN TEMPERATURE OF 5CCOO. CEG P 

THROAl FLCW PARAHETERIEOUIL.1 = 154.61 LB-SQRTTCEG RI/SEC-FTZ-ATM 
THROAT FLCW PARAMETERIFROZENI = 157.64 LB-SORTICEG Rl/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREATEQUIL.1 = 0.69 1 LB/SEC-FT; 
FAX WT FLOW PER UNIT AREATFROZEN) = C.705 LB/SEC-FTZ 

THROAT PRESSURE RATI~IEQUIL.~ = 0.4e43 
THROAT PRESSURE RATIOTFROZENI = 0.4874 

ENTROPY = 7.E13E 01 BTU/LB-DEG R 

PRE SSLRE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
1.000E-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-C7 

PRE SSUPE 
RATIO 

CHAMBER 
THROAT 

1. OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOf-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-07 
l.OOOE-C7 

PRtSSUPE 
RATIC 

THROAT 
l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C 5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-07 

TEMPERATURE-DEG R 
EQLIL. FROZEN 
5ocoo. 50000. 
38629. 37520. 
28COl. 19915. 
21827. 7929. 
18165. 3158. 
15 564. 1258. 
14911. 954. 
13SbO. 501. 
13036. 300. 
11918. 
11468. 
1043s. 

DENSITY-LB/F13 
EOUIL. FROZEN 

1.384E-OS 1.384E-05 
B.74PE-06 B.988E-06 
2.66rE-06 3.474E-06 
3.83IE-07 8.727E-07 
5.119E-08 2.191E-07 
6.575E-09 5. SOOE-08 
3.525E-09 3.628E-08 
8.223E-LO 1.380E-08 
4.381E-10 9.lOSE-09 
l.OllE-lo 
S.366E-11 
1.236E-11 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOOE 00 l.OOOE 00 
2.059E 00 1.667E 00 
1.12SE 01 5.6126 00 
7.457E 01 2.118E 01 
S.380E 02 8.272E 01 
9.858E 02 1.250E 02 
4.07SE 03 3.271E 02 
7.5586 03’ 4.952E 02 
3.192E 04 
5.954E 04 
2.536E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

1.161E 06 l.lblE cc 
1.036E 06 1.038E 06 
B.423E 05 B.645E CS 
6.467E 05 7.466E C5 
S.052E 05 6.997E 05 
3.972E OS 6.810E 05 
3.695E 05 6.780E CS 
3.119E 05 6.73SE C5 
2.897E 05 6.723E 05 
2.43lE 05 
2.250E 05 
1.882E 05 

MCLECLLAR WT. 
ECLIL. FROZEN 
0.505 I 0.5051 
0.5094 0.5051 
0.543E 0.5051 
0.6103 0.5051 
0.678F 0,.5051 
0.747c 0.5051 
0.7672 0.5051 
0.814C 0.5051 
o-e335 0.5051 
0 .e79? 
0.8985 
0.941: 

VELOC ITY-FT/SEC 
EOUIL. FROZEN 

CACH NLHBER 
ECUIL. FROZEN 

79038. 78436. l-CC0 1.000 
126238. 121746. 2 .C96 2.130 
160397. 143958. 3.403 3.992 
181131. 151902. 4.656 6.675 
195491. 154952. 5.758 10.789 
199OU8. 155436. 6.084 12.43C 
206120. 156151. 6.836 17.225 
208802. 156343. 7.160 19.808 
214312. 7.916 
216418. 8 -245 
220635. 9.031 

IDEAL ISP-SEC 
EOUIL. FROZEN 
2456.6 2437.5 
3923.6 3784.C 
4985.3 4474.4 
5629.7 4721.3 
6076.1 4816.1 
6185.4 4831.1 
6406 -4 4853.3 
6489.8 4859.3 
6661.0 
6726. S 
6857.6 

LAC ISP-SEC 
ECLIL. FROZEN 

3938.6 39oc.7 
4553.7 4284.2 
5329.7 4642.8 
5857.9 4784.8 
6240.7 4840.9 
6336.2 4849.9 
6531.3 4863.2 
66C.5.4 4866.7 
6758.7 
6817.6 
6935.2 
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TAt?LE 15 

PERFCACANCE PARAMETERS FOR FYDROGEN AT A STAGNATICN PRESSURE OF 
1. ATF AN0 A STAGNATICN TEMPERATURE OF 75CO0. CEG P 

THROAT FLOW PCRAMETERIEQUIL. I = 157.44 LB-SPRTTCEG RI/SEC-FTZ-ATC 
THROAT FLCW PARAMETERIFROZENI = 157.51 LB-SQRTICEG RI/SEC-FTZ-ATC 

FAX WT FLOW PER UNIT AREP(EaUIL.1 = 0.575 LB/SEC-FT2 
PAX WI FLOW PER UNIT AREPtFROZENI = 0.575 LB/SEC-FTi 

THROAT PRESSURE PATIDIEaU1L.I = D.4873 
THROAT PRESSURE PATIOIFROZEN) = 0.4873 

ENTROPY = 8.218E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-OEG R ENTHALPY-BTU/LB MCLECCLAR WT. 
RATIO EQUIL. FROZEN EQUIL. FROZE& ECUIL. FROZEN 

CHAMBER 75coo. 75000. 1.410E 06 1.410E Cb 0.5041 0.5041 
THROAT 56302. 56261. 1.226E 06 1.226E 06 0.504i 0.5041 

L.OOOE-CL 32 C52. 29861. 9.625E 05 9.654E 05 0.5126 0.5041 
l.OOOE-C2 22799. 11888. 7.371E 05 7.8DZE 05 0.5693 0.5041 
l.OOOE-C3 18717. 4733. 5.800E 05 7.177E C5 0.6335 OS5041 
l.OOOE-C4 15980. 1884. 4.612E 05 6.896E C5 0.6985 C.5041 
5. OOOE-C 5 15306. 1428, 4.308E 05 6.851E CS 0.7183 0.5041 
1. OOOE-C 5 13930. 750. 3.677E 05 6.785E C5 0.763i 0.5c41 
S.OOOE-C6 13403. 569. 3.433E 05 6.767E 05 0.7824 0.5041 
l.OOOE-C6 12297. 299. 2.923E 05 6.740E 05 0.8264 0.5041 
5.000E-07 11862. 2.724E 05 0.8452 
l.OOOE-C7 10923. 2.303E 05 0.888 I 

PRESSURE DENSITY-LD/FT3 
RATIO EQUIL. FROZEN 

CHAMBER 9.207E-06 9.207E-06 
THROAT 5.978E-06 5.98lE-06 

l.OOOE-Cl 2.19lE-06 2.312E-06 
l.OOOE-C2 3.42 lE-07 5.808E-07 
l.OOOE-C3 4.640E-08 1.459E-07 
l.OOOE-C4 5.991E-09 3.665E-08 
5.000E-C5 3.214E-09 2.418E-08 
l.OOOE-C5 7.505E-10 9.205E-09 
5,00OE-C6 3.998E-10 6.0.73E-09 
l.OOOE-C6 9.207E-11 2.312E-09 
5,00OE-C7 4.88CE-11 
l.OOOE-07 l.l14E-11 

PRE SSUPE NOZZLE AREA RATIO IDEAL ISP-SEC bAC lSP-SEC 
RATIC EQUIL. FROZEN EQUILo FROZEN ECUIL. FROZEN 

THROAT l.OOOE 00 l.OOOE 00 2989.2 2988.9 4722.6 4781.7 
1.000E-Cl 1.753E 00 1.667E 00 4653.4 4638.t 5298.5 5251.7 
l.OOOE-C2 9.155E 00 5.611E 00 5705.8 5484.8 6042.8 5691.2 
l.OOOE-C3 6.078E 01 2.117E 01 6336.6 5787.3 6560.3 5865.2 
l.OOOE-C4 4.402E 02 8.263E 01 6774.9 5903.5 6937.0 5933.9 
5.000E-C5 8.077E 02 1.249E 02 6882-6 5921.9 7031.2 5944.8 
l.OOOE-C5 3.353E 03 3.265E 02 7100.7 5949.1 7224.1 5961.1 
5.000E-C6 6.222E 03 4.942E 02 7183.2 5956.4 7257.7 5965.4 
l.OOOE-C6 2e639E 04 1.296E 03 7353.1 5967.1 745C.2 5971.9 
5.000E-C7 4.936E 04 7418.2 75c9.1 
L.OOOE-07 2.124E 05 7554.0 7632.2 

VELOC I TY-FT/SEC 
EPUIL. FROZEk 

PACH NUI’BER 
ECUIL. FROZEN 

96176. 96164. 1.000 LIOCC 
149717. 149243. 2 .C94 2.130 
183579. 176468. 3.666 3.992 
203873. 186202. 4.956 6.676 
217977. 189938. 6.113 10.792 
221440. 190530. 6.452 12.436 
228459. 191406. 7.230 17.236 
231112. 191640. 7.563 19.823 
236578. 191987. 8.337 27.400 
238675. 8.671 
243043. 9.454 
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TABLE 16 

PERFCRFANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSUPE CF 
1. ATC AND A STAGNATICN TEMPERATURE OF 1CCCOO. CEG P 

THROAT FLOW PARAMETER(EaUIL.1 = 157.49 LB-SaRT I CEG R) /SEC-FTZ-ATC 
THROAT FLOW PARAHETERiFROZENL = 157.50 LB-SaRT(CEE AT/SEC-FT2-ATC 

FAX WT FLOW PER UNIT AREATEaU1L.L = 0.498 LB/SEC-FTi 
PAX WT FLOW PER UNIT AREAfFROZENL = O-498 LB/SEC-FTE 

THROAT PRESSURE RATIO(EaU1L.L - 0.4873 
THROAT PRESSURE PATIO(FROtENL = 0.4873 

ENTROPY = 8.502E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-OEG R 
RATIC EQUIL. FROZEN 

CHAMBEP 1coooo. 100000. 
THROAT 75015. 75010. 

l.OOOE-C 1 40031. 39814. 
L.OOOE-C2 23731. 15850. 
l.OOOE-C3 19 130. 6310. 
l.OOOE-C4 16260. 2512. 
5. OOOE-C 5 15566. 1904. 
l.OOOE-C5 14160. 1000. 
5. OOOE-C 6 13626. 758. 
l.OOOE-C6 12514. 398. 
5.000E-C7 12080. 
l.OOOE-C7 11156. 

PRESSURE 
RATLC 

CHAMBER 
THKOA T 

L.OOOE-C 1 
L.OOOE-C2 
l.OOOE-C3 
L.OOOE-C4 
5.000E-C5 
L.OoOE-C5 
5.000E-06 
l.OOOE-C6 
5.000E-C7 
l.OOOE-C7 

PRESSURE 
RATIG 

THROAT 
L.OOOE-CL 
L.OOOE-C2 
1.OOOE-C3 
1 .OOOE-C4 
5.000E-C5 
1. OOOE-C 5 
5.000E-C6 
l.OOOE-C6 
5.000E-07 
l.OOOE-C 7 

DENSITY-LB/FT3 
EQUIL. FROZEN 

6.904E-06 6.904E-06 
4.485E-06 4.485E-06 
1.727E-06 1.734E-06 
3.139E-07 4.356E-07 
4.336E-08 L.O94E-07 
5.629E-09 2.748E-08 
3.023E-09 1.813E-08 
7.067E-10 6.904E-OS 
3.766E-10 4.555E-09 
8.672E-11 L.734E-09 
4.595E-11 
L.O47E-11 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

L.COOE 00 l.OOOE 00 
1.673E 00 1.667E OC 
7.673E 00 5.611E 00 
5.076E 01 2.117E 01 
3.687E 02 8.262E 01 
6.772E 02 L.248E 02 
2.818E 03 3.264E 02 
5.234E 03 4.94LE 02 
2.226E 04 1.296E 03 
4.168E 04 
1.800E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

1.657E 06 1.657E CC 
1.411E 06 1.411E CC 
1.063E 06 1.064E Ct 
8.030E 05 8.274E Of 
6.337E 05 7.334E C4 
5.069E OS 6.960E 05 
4.746E 05 6.900E 05 
4.075E 05 6.8LlE Of 
3.817E 05 6.787E 05 
3.275E 05 6.751E C5 
3.063E 05 
2.617E 05 

HCLECLLAR WT. 
ECUIL. FROZEN 
0.5c4c 0.504c 
0.504c 0.5040 
0.504f 0.5040 
0.543E 0.5040 
0.605! 0.5040 
0.668i 0.5040 
o.ta7c 0.5040 
0.73cc 0.5040 
0.749i 0.5040 
0.7921 0.5040 
o.e1c5 
0.8526 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

CACh NUCBER 
ECUIL. FROZEN 

111046. 111047. L-COO L.OCC 
172367. 172335. 2.127 2.13C 
206748. 203773. 3.794 3.992 
226321. 215013. 5.276 6.67C 
239934. 219328. 6.506 10.792 
243285. 220011. 6.861 12.436 
250085. 221022. 7.671 17.237 
252660. 221293. 8.CL7 19.824 
257975. 221693. 8.818 27.401 
260018. 9.163 
264283. 9.967 

IDEAL ISP-SEC 
EaUIL. FROZEh 
3451.4 3451.4 
5357.3 5356.3 
6425.9 6333.5 
7034.3 6682. e 
7457.4 6816.C 
7561.5 6838.2 
7772.9 6869.C 
7852.9 6878.C 
8018.1 6890.5 
8081.6 
8214.2 

‘dAC ISP-SEC 
ECUIL. FROZEN 

5521.7 5521.6 
6068.0 6064.4 
6751.9 6571.9 
7249.9 6772.8 
7614.1 6852.0 
77c5.4 6864.7 
7852.6 6883.5 
79t4.1 6E88.5 
8112.7 6896.0 
817C.2 
82SC.7 
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TABLE 17 

PERFCRMANCE PARAMETERS FOR HYOROGEN AT A STAGNATICN PRESSURE OF 
1. ATJ’ AND A STAGNATICN TEHPERATLRE OF LSOCCO. CEG C 

THROAT FLGW PbRAMETERtEOUILwJ = 157.50 LB-SORTICEG RJ/SEC-fT2-ATM 
THROAT FLOW PARAHETERtFROZENJ = 157.50 LB-SQRTTCEG RJ/SEC-FTZ-ATM 

FAX WT FLOW PER UNIT AREA(EQU1L.J = 0.407 LB/SEC-FTi 
PAX WT FLOW PER UNIT AREAIFROZENJ = 0.407 LB/SEC-FTi 

THROAT PRESSURE AATI~IEQUIL.~ = 0.4873 
THROAT PRESSURE RATIOIFR~~EN~ = 0.4873 

ENTROPY = 8.S02E 01 BTU/LB-DEG R 

PRESSUP E 
RATIC 

CHAMBER 
THROAT 

l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OoOE-C4 
5.000E-C5 
1. OOOE-C 5 
5.000E-C6 
l.OOOE-C6 
5.000E-07 
l.OOOE-C7 

PRESSLRE 
RAT10 

CHAMBER 
THROAT 

l.OOOE-Cl 
1. OOOE-C 2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-07 
l.OOOE-07 

PRE SSLRE 
RATIO 

THROAT 
l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-0 5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-07 
l.OOOE-07 

TEMPERATURE-DEG R 
EQUIL. FROZEN 

15ocoo. 150000. 
112512. 112512. 

59725. 59718. 
26312. 23775. 
19812. 9465. 
16660. 3768. 
15927. 2856. 
14464. 1500. 
13914. 1137. 
12781. 597. 
12343. 453. 
11420. 

DENSITY-LB/FT3 
EQUIL. FROZEN 

4.603E-06 4.603E-06 
2.990E-06 2.990E-06 
l.l56E-06 l.l56E-06 
2.678E-07 2.904E-07 
3.935E-08 7.294E-08 
5.169E-09 1.832E-08 
2.78 lE-09 1.209E-08 
6.519E-10 4.602E-09 
3.476E-10 3.036E-09 
8.012E-11 l.l56E-09 
4.246E-11 7.626E-10 
9.667E-12 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOOE 00 l.OOOE 00 
1.667E 00 1.667E OC 
6.077E 00 5.6llE 00 
3.852E 01 2.117E 01 
2.800E 02 8.263E 01 
5.147E 02 1.249E 02 
2.148E 03 3.265E 02 
3.995E 03 4.942E 02 
1.704E 04 1.296E 03 
3.195E 04 1.963E 03 
1.385E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

2.15oE 06 2.150E 06 
1.780E 06 1.78OE C6 
1.260E 06 1.260E C6 
9.02lE 05 9.056E 05 
7.115E 05 7.645E 05 
5.727E 05 7.084E C5 
5.375E 05 6.994E C5 
4.648E 05 6.8606 05 
4.3676 05 6.824E 05 
3.780E 05 6.771E C5 
3.552E 05 6.757E 05 
3.068E 05 

MCLECLLAR WT. 
ECUIL. FRO2 EN 
0.504C 0.5040 
0.504c 0.504c 
0.504c 0.5040 
0.5145 0.5040 
0.5691 0.5040 
0.6287 0.5040 
0.6461 0.5040 
o.oeez 0.5040 
0.7C6i 0.504c 
0.747! 0.5040 
0.7652 0.5040 
o.ec5c. 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

YACH NUMBER 
ECUIL. FROZEN 

136008. 136008. l-COO l.OOC 
211068. 211068. 2.130 2.13C 
249914. 249572. 3.887 3.992 
268333. 263339. 5.e27 6.67t 
280980. 268623. 7.260 10.792 
284097. 269460. 7.653 12.435 
290436. 270699. 8.538 17.236 
292841. 271030. 8.912 19.823 
297816. 271521. 9.775 27.399 
299733. 271652. 10.144 31.488 
303744. ll.CO2 

IDEAL ISP-SEC 
EQUIL. FROZEN 
4227.3 4227.3 
6560.2 6560.2 
7767.6 7756.9 
8340.1 8184.e 
8733.1 8349. I 
8830.0 8375.1 
9027.0 8413.t 
9101.8 8423.5 
9256.4 8439.1 
9316.0 8443.2 
9440.7 

VAC ISP-SEC 
ECLIL. FROZEN 

6762.6 6762.6 
7427.4 7427.3 
80E3.8 8048.9 
8540.5 8295.0 
8878.8 8392.1 
8963.9 8407.6 
9138.8 8430.6 
92C5.7 8436.7 
9345.1 8445.9 
93SS.l 8448.3 
9512.7 

24 



TA@LE 18 

PERFCRFANCE PARAMETERS FOR kYDROGEN AT P STAGNATICN PRESSURE QF 
1. ATM AND A STAGNATICN TEMPERATURE OF 2CCCO0. CEG P 

THRCAT FLCW PARAMETER(EQUIL.1 = 157.50 LB-SQRTLCEG RI/SEC-FT2-ATM 
THROAT FLOW PARAMETERLFROZEN) = 157.50 LB-SQRTTCEG RI/SEC-FTZ-ATM 

FAX WT FLOW PER UNIT AREAIEQUIL.) = 0.352 LB/SEC-FTi 
PAX WT FLOW PER UNIT AREATFROZEN) = 0.352 LB/SEC-FT 2 

THROAT PRESSURE RATIOIEOUIL.) f 0.4873 
THROAT PRESSURE RATIO~FROZEM) = 0.4873 

ENTROPY = 9.185E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLEClLAR WT. 
RATIO EOUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER 2oocoo. 200000. 2.643E 06 2.643E 06 0.504c 0.5040 
THROAT 15oc15. 150016. 2.150E 06 2.150E CC 0.504c 0.5040 

l.OOOE-Cl 79624. 79622. 1.456E 06 1.456E Ct 0.504c 0.5040 
l.OOOE-C2 31946. 31699. 9.835E 05 9.837E 05 0.504s 0.5040 
l.OOOE-C3 20453. 12620. 7.685E 05 7.956E C5 0.545E 0.. 5040 
l.OOOE-04 16963. 5024. 6.204E 05 7.208E C5 On603C 0.5040 
5. OOOE-C 5 16 192. 3808. 5.830E 05 7.088E C5 0.6204 0.5040 
l.OOOE-C5 14674. 2000. 5.061E 05 6.909E C5 O.C6OE o.sc40 
5.000E-C6 14109. 1516. 4.765E 05 6.862E C5 0.t782 0.5040 
l.OOOE-06 12953. 796. 4.145E 05 6.791E C5 0.7183 0.5040 
5.000E-07 12510. 604. 3.904E 05 6.772E 05 0.735!! 0.5040 
l.OOOE-C7 11580. 317. 3.394E 05 6.744E C5 0.7751 0.5040 

PRE SSLRE DENS1 TY- *LB/FT3 
RATIG EQUIL. FROZEN 

CHAMBER 3.452E-06 3.452E-06 
THROAT 2.243E-06 2.243E-06 

l.OOOE-Cl 8.67 lE-07 B.671E-07 
1.OOOE-CZ 2.165E-07 2.178E-07 
l.OOOE-C3 3.656E-08 5.47l.E-08 
l.OOOE-C4 4.87OE-09 1.374E-08 
5.000E-C5 2.625E-09 9.066E-09 
l.OOOE-C5 6.169E-10 3.452E-09 
5.000E-C6 3.292E-10 2.277E-09 
1. OOOE-C 6 7.596E-11 8,67OE-10 
5.000E-07 4.027E-11 5.720E- 10 
l.OOOE-C7 9.169E-12 2.178E- 10 

PRESSURE NOZZLE AREA RATIO IDEAL ISp-SEC WAC 1 SP-SEC 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

THROAT l.OOCE 00 1,OOOE 00 4881.3 4881.2 78C8.8 7808.8 
l.OOOE-01 1.667E 00 1.667E 00 7575.1 7575.1 8576.3 8576.4 
l.OOoE-C2 5.644E 00 5.611E 00 8957.6 8956.9 9296.7 9294.1 
l.OOOE-C3 3.145E 01 2.117E 01 9520.1 9451-c 97c9.1 9578.2 
1 .OOOE-C4 2.273E 02 8.263E 01 9889.2 9640.7 10025.8 9690.3 
5.000E-C5 4.179E 02 1.249E 02 9980.1 9670.7 lOlC5.6 9708.2 
l.OOOE-C5 1.746E 03 3.264E 02 10164.8 9715.1 10269.7 9734.7 
5.000E-C6 3.249E 03 4.942E 02 10235.0 9727-c 10332.6 9741.9 
l.OOOE-C6 1.388E 04 1.296E 03 10380.3 9744. t 10463.7 9752.4 
5.000E-07 2.605E 04 1.963E 03 10436.4 9749.3 105 1’1.6 9755.2 
l.OOOE-C7 1.131E 05 5.152E 03 10553.8 9756.3 10621.8 9759.4 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

PACH NUMBER 
E6tIL. FROZEN 

157050. 157049. l.COO 1.000 
243720. 243721. 2.130 2.130 
288201. 288180. 3.981 3.992 
306300. 304077. 6.190 6.676 
316177. 310179. 7.927 10.792 
321099. 311145. 8.365 12.436 
327044. 312575. 9.332 17.236 
329302. 312957. 9.736 19.824 
333977. 313524. 10.662 27.400 
335780. 313675. 11.058 31.49C 
339559. 313901. 11.973 43.478 
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TABLE 19 

PERFCRCANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
2. AT?’ AND A STAGNATZCN TEMPERATURE OF 5CO0. CEG P 

THROAT FLCW PARAMETERIEQUIL.) = 276.95 LB-SQRTiCEG RI/SEC-FT2-ATM 
THROAT FLOW PARAMETER(FROZEN) = 286.35 LB-SQRTtCEG RI/SEC-FT2-ATM 

PAX WT FLOW PER UNIT AREAtEQUIL.) = 7.833 LB/SEC-FT i 
CAX WT FLOW PER UNIT ARELIFROZEN) = 8.09s LB/SEC-FTf 

THROAT PRESSURE RATIO~EQUfL.) = 0.5643 
THROAT PRESSURE RATIO~FROZEN~ = 0.5432 

ENTROPY = 2.359E 01 BTU/LB-OEG R 

PRESSURE TEMPERATURE-OEG R 
RATIC EQUIL. FROZEN 

CHAMBER 5coo. 5coo. 
THROAT 4612. 4330. 

l.OOOE-Cl 3?14. 2842. 
1 .OOOE-C2 1823. 1502. 
l.OOOE-C3 955. 729. 
l.OOOE-C4 494. 329. 

ENTHALPY-BTU/LB HCLECILAR WT. 
EQUIL. FROZEh ECUIL. FROZEN 

2.160E 04 2.160E 04 1.9637 1.9637 
1.883E 04 1.872E C4 1.9854 1.9637 
1.201E 04 1.265E C4 2.0145 1.9637 
6.302E 03 7.723E 03 2.C16C 1.9637 
3.251E 03 5.213E 03 2.C16C 1.9637 
1.662E 03 4.036E C3 2.Cl6C 1.9637 

PRESStiRE 
RATIO 

CHAMBER 
THROAT 

l.oOOE-01 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 

DENSITY-L8/FT3 VELOCITY-FT/SEC t’ACH NUMBER 
EQUIL. FROZEN EOUIL. FROZEN ECUIL. FROZEN 

l.O76E-03 l.O76E-03 
6.655E-04 6.749E-04 11771. 12001. l.OGO 1.000 
1.666E-04 1.893E-04 21917. 21164. 2.118 2.147 
3.031E-05 3.581E-05 27674. 26357. 3.514 3.588 
5.786E-06 7.3776-06 30308. 28642. 5.286 5.449 
l.l18E-06 1.637E-06 31593. 29653. 7.633 8.231 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC WAC I SP-SEC 
RATIC EQUIL. FROZEN EQUIL. FROZEh ECUIL. FROZEN 

THROAT l.OOoE 00 l.OOOE 00 365.9 373-c 67C.7 656-B 
1. OOOE-C 1 2.146E 00 2.022E 00 681.2 657.E 757.1 763.4 
l.OOOE-C2 9.340E 00 B.580E 00 860.1 819.2 910.6 864.0 
1.000E-C3 4.467E 01 3.833E 01 942.0 890.2 9C6.1 SlC.2 
l.OoOE-C4 2.218E 02 1.668E 02 981.9 921.6 9s3.s 930.3 
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TABLE 20 

PERFCRCANCE PARAMETERS FOR hLDROGEN AT A STAGNATICN PRESSUPE OF 
2. ATC AND A STAGNATICN TEMPERATURE OF 6CO0. CEG R 

THROAT FLOW PARAMETERTEQUIL.) = 259.77 LB-SQRTICEG RI/SEC-FTZ-ATM 
THROAT FLCW PPRAMETERTFROZEN) = 273.72 LB-SQRTiCEG RI/SEC-FTZ-ATM 

CAX WT FLOW PER UNIT AREA(EQUIL.1 = 6.707 LB/SEC-FTi 
PAX WT FLOW PER UNIT AREATFROZENI * 7.067 LB/SEC-FT2 

THROAT PRESSURE RATIOIEQUIL.~ = 0.5746 
THROAT PRESSURE RATIOTFROZEN) = 0.53ee 

ENTROPY = 2.637E 01 BTU/LB-OEG R 

PRESSURE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-Ct 
l.OOOF-C3 
l.OOOE-C4 
5. OOOE-C 5 
l.OoOE-C5 
5.000E-C6 

PRESSLRE 
RATIC 

CHACBER 
THROAT 

l.OOOE-Cl 
l.OOoE-C2 
l.OOOE-C3 
l.OOOE-C4 
5. OOOE-C 5 
l.OOOE-C5 
5.000E-C6 

PRE SSLRE 
RATIO 

THROAT 
l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5. OOOE-C 5 
l.OOOE-C5 
5.000E-C6 

TEMPERATURE-DEG R 
EQUIL. FROZEN 

6000. 6000. 
5688. 5141. 
4804. 3306. 
3614. 1702. 
2097. 809. 
1104. 359. 

$07. 
573. 
469. 

OENSITY-LB/FT3 
EQUIL. FROZEN 

8.086E-04 8.086E-04 
4.998E-04 5.084E-04 
l.O8Yf-04 1.467E-04 
1.519E-05 2.850E-05 
2.634E-O6 5.995E-06 
5.002E-07 1.351E-06 
3.044E-07 
Y.642E-08 
5.&87E-08 

NOlZLE AREA RATIO 
EQUIL. FROZEN 

l.OOCE 00 l.OOOE 00 
2.379E 00 1.9H7E 00 
1.293E 01 8.257E 00 
6.599E 01 3.624E 01 
3.286E 02 1.556E 02 
5.345E 02 
1.6S9E 03 
2.704E 03 

ENTHALPY- 
EQUIL. 

3.703E 04 
3.343E 04 
2.363E 04 
1.375E 04 
7.293E 03 
3.771E 03 
3.086E 03 
1.932E 03 
1.577E 03 

,BTU/LB 
FROZEN 

3.703E 04 
3.317E C4 
2.530E C4 
1.901E 04 
1.5BYE 04 
1.445E 04 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

13419. 13900. 
25897. 24238. 
34141. 30034. 
38584. 32533. 
40805. 33622. 
41223. 
41918. 
42129. 

IDEAL ISP-SEC 
EQUIL. FROZEh 

417.1 432-C 
804.9 753.3 

1061.1 933.5 
1199.2 1011.2 
1268.3 1045.c 
1281.2 
1302.8 
1309.4 

MCLECCLAR WT. 
ECLIL. FRCZEN 
1.7707 1.77c7 
1.806 1 1.77c7 
i -9089 1.77c7 
2.CC3S 1.77c7 
2.C16C 1.7707 
2.016C 1.77c7 
2.016C 
2.C16C 
2.C16C 

)rACH NUW8ER 
ECLIL. FROZEN 

L-CCC 1.000 
2.161 2.146 
3.261 3.62C 
4.585 5.547 
6.621 B-441 
7.374 
9.415 

10.443 

WAC ISP-SEC 
ECUTL. FROZEN 
779.6 754.7 
955.0 872.3 

1142.7 982.9 
1240.9 1032”s 
12ES.C lC54.3 
12se. 1 
1313.3 
1317.9 
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TABLE 21 

PERFCRMANCE PARAMETERS FOR kYOROGEN AT A STAGNATICN PRESSURE OF 
2. ATC AND A STAGNATICN TEHPERATLRE OF 7CCO. CEG P 

THROAT FLOW PARAHETERlEaUIL.1 = 233.60 LB-SQRT(CEG RI/SEC-FT2-ATP 
THROAT FLCW PARAMETERfFROZENI = 250.93 LB-SQRTtCEG RI/SEC-FT2-ATM 

PAX UT FLOH PER UNIT AREb(EaU1L.b = 5.584 LB/SEC-FT i 
FAX WT FLOW PER UNIT AREAtFROZENl = 5.99@ LB/SEC-FTi 

THROAT PRESSURE RATIO(EaUIL. 1 = 0.5733 
THROAT PRESSURE RATIO(FROZEN) = 0.5233 

ENTROPY = 3.130E 01 BTU/LB-OEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECLLAR kT. 
RATIC EQUIL. FROZEN EQUIL. FROZEN ECUIL. FRCZEN 

CHAMBER 7coo. 7000. 6.921E 04 6.92lE C4 1.4215 1.4219 
THROAT 6642. 5773. 6.398E 04 6.345E 04 1.4585 1.4219 

l.OOOE-Cl 5719. 3465. 4.986E 04 5.297E 04 1.5725’ 1.4219 
l.OuOE-C2 4804. 1619. 3.525E 04 4,5i2E 04 1.7157 1.4219 
l.OOOE-03 4081. 712. 2.387E 04 4.155E 04 1.849C 1.4219 
l.OOOE-04 3406. 300. 1.487E 04 4.00LE 04 1.9642 1.4219 
5.000eC5 3167. 1.258E 04 1.9909 
1. OOOE-C 5 2326. 8.148E 03 2.015f 
5.000E-C6 1932. 6.696E 03 2.C160 
l.OOOE-C6 1234. 4.223E 03 2.C16C 
5.000E-C7 1014. 3.4586 03 2.016C 
l.OOOE-07 641. 2.167E 03 2.Cl6C 

PRESSURE DENS1 TY-LB/FT3 
RATIC EQUIL. FROZEN 

CHAMBER 5.565E-04 5.565E-04 
THROAT 3.450E-04 3.531E-04 

l.OOOE-C 1 7.533E-05 l.l24E-04 
l.OOOE-C2 9.784E-06 2.407E-05 
l.OOOE-C3 1.24 IE-06 5.471E-06 
l.OOOE-04 1.580E-07 1.300E-06 
5. OOOE-C 5 8.612E-08 
1. OOOE-C 5 2.374E-08 
5.000E-C6 1.429E-08 
l.OOOE-C6 4.477E-09 
5.000E-C7 2.723E-09 
l.OOOE-07 8.615E-10 

PRESSURE NOZZLE AREA RATIO IOEAL ISP-SEC bAC ISP-SEC 
RATIG E4UIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

THROAT l.OOOE 00 l.OOOE 00 503.1 528.C 937.6 897.2 
l.OOOE-Cl 2.382E 00 1.871E 00 967.4 886.3 1147.9 1018.3 
1. OOOE-C 2 1.384E 01 7.177E 00 1281.4 1079.4 13e6.4 1130.0 
l.OOOE-C3 9.442E 01 2.946E 01 1480.8 1156.5 1552.4 1177.3 
l.OOOE-C4 6.777E 02 1.207E 02 1621.1 1188.3 1672.4 1196.8 
5.000E-C5 1.218E 03 1654.9 17Cl.C 
l.OOOE-c5 4.254E 03 1718.4 1756.7 
5.000E-C6 6.984E 03 1738.7 17t5.2 
l.OOOE-C6 2.187E 04 1772.8 17E9.4 
5.000E-C7 3.574E 04 1783.2 1756.7 
l.oOOE-07 1.119E 05 1800.6 18CS.l 

,;,y;ITY-FT/SEC 
. FROZEN 

YACH NUMBER 
ECUIL. FROZEN 

16188. 16988. l.COO 1.000 
31124. 28517. 2.171 2.141 
41229. 34727. 3.302 3.738 
47644. 37211. 4.312 5.930 
52156. 38231. 5.283 9.282 
53244. 5.561 
55289. 6 -279 
55942. 6.SlC 
57038. 8.761 
57373. 9.711 
57933. 12.307 
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TABLE 22 

PERFCRCANCE PARAMETERS FOR I-YOROGEN AT A STAGNATICN PRESSURE OF 
2. AT!’ AN0 A STAGNATICN TEMPERATURE OF 8CCO. CEG P 

THROAl FLCW PARAMETER{ EQU IL. 1 = 212.83 LB-SQRT(CEG RI/SEC-FTZ-ATC 
THROAT FLCW PARAMETER(FHOZEN1 = 232.66 LB-SQRTICEG RI/SEC-FTZ-ATM 

f’AX WT FLOW PER UNIT AREL(EPUIL.1 = 4.759 LB/SEC-FT2 
I’AX WT FLOW PER UNIT AREA(FROZEN1 = 5.202 LB/SEC-FT2 

THROAT PRESSURE RATIO(EaUIL.1 = 0.5654 
THROAT PRESSURE RATIO(FROZEN1 = 0.5C34 

ENTROPY = 3.631E 01 BTU/LB-OEG R 

PRESSIJRE TEMPERATURE-OEG R 
RATIO EQUIL. FROZEN 

CHAMBER 8COO. 8000. 
THROAT 7491. 6269. 

l.OOOE-Cl 6323. 3495. 
l.OOOE-C2 5282. 1480. 
l.OOOE-C3 4538. 610. 
l.OOOE-C4 3563. 247. 
5.000E-C5 3E12. 
l.OOOE-C5 3488. 
5.000E-C6 3357. 
l.OOOE-C6 3057. 
5.000E-C7 2921. 
l.OOOE-C7 2508. 

PRE SSUR E 
RATIC 

CHAFnl3ER 
THROAT 

l.OOOE-Cl 
1.000E-C2 
l.OOOE-C3 
l.OOOE-C4 
5. OOOE-C 5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5,OOOE-C7 
l.OOOE-07 

PRESSURE 
RATIC 

THROAT 
l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOoE-C4 
5.000E-C5 
l.OOOE-C5 
5,00OE-C6 
l.OOOE-C6 
5.000E-C7 
1. OOOE-C 7 

DENSITY-LB/FT3 
EQUIL. FROZEN 

3.950E-04 3.950E-04 
2.473E-04 2.538E-04 
5.598E-05 9.042E-05 
7.405E-06 2.135E-05 
9.413E-07 5.180E-06 
l.l65E-07 1.278E-06 
6.191E-08 
1.419E-08 
7.514E-09 
1.719E-09 
9.139E-10 
2.192E-10 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOOE 00 l.OOOE 00 
2.331E 00 1.748E 00 
1.339E 01 6.190E 00 
9.145E 01 2.404E 01 
6.754E 02 9.531E 01 
1.245E 03 
5.211E 03 
9.690E 03 
4.105E 04 
7.634E 04 
3.11CE 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEh 

1.067E 05 1.067E 05 
9.925E 04 9.826E 04 
8.007E 04 8.502E C4 
6.062E 04 7.569E 04 
4.56LE 04 7.179E 04 
3.3646 04 7.020E 04 
3.049E 04 
2.388E 04 
2.130E 04 
1.584E 04 
1.371E 04 
9.289E 03 

MCLECILAR WT. 
ECUIL. FROZEN 
1.1535 1.1535 
1.1873 1.1535 
1.2915 1.1535 
I.4276 1.1535 
1.559c l-.1535 
1.685f 1.1535 
1.7226’ 
l-806? 
1.8412 
1.9182 
1.949c 
2.CO61 

VELOCITY-FT/SEC C ACH NUMBER 
EQUIL. FROZEh ECLIL. FROZEN 

19248. 20502. l.CCO l.OOC 
36480. 32908. 2.181 2.135 
48007. 39368. 3.338 3.882 
55282. 41775. 4.366 6.366 
60459. 42721. 5.34c 10.183 
61746. 5.627 
64371. 6 -290 
65369. 6.576 
67426. 7.243 
68212. 7.532 
69815. 8.127 

IDEAL ISP-SEC 
EQUIL. FROZEN 

598.2 637.2 
1133.8 1022.8 
1492.1 1223. C 
1.718.2 1298.4 
1879.1 1327.e 
1919.1 
2000.7 
2031.7 
2095.7 
2120.1 
2169.9 

LAC ISP-SEC 
ECUIL. FROZEN 

1 lC4.6 1046.7 
1341.1 1165.0 
1611.1 1274.0 
1759.5 1318-C 
19?9.2 1335.6 
1974.5 
2047.1 
2074.8 
2122.2 
2154-C 
21S7.6 



TABLE 23 

PERFCRMANCE PARAMETERS FOR HYORCGEN AT A STAGNATICN PRESSURE OF 
2. Aflr AND A STAGNATICN TEMPERATURE OF FCCO. CEG P 

THROAT FLCW PARAMETERlEaUIL.1 = 207.43 LB-SaRT(CEC RI/SEC-FTZ-ATM 
THROAT FLCW PARAMETER(FROZEN1 = 225.74 LB-SQRTICEG RI/SEC-FT2-ATM 

PAX WT FLOW PER UNIT AREA(EaUIL.1 = 4.373 LB/SEC-FT i 
PAX WT FLOW PER UNIT AREAIFROZEN) = 4.759 LB/SEC-FT2 

THROAT PRESSURE RATIO(EaUIL.1 = 0.5675 
THROAT PRESSURE RATIO(FROZEh) = 0.493C 

ENTROPY = 3.8866 01 BTU/LB-OEG R 

PRESSURE TEMPERATURE-OEG R ENTHALPY-BTU/LB HCLECLLAR WT. 
RATIO EQUIL. FROZEN EQUIL. FROZEhi ECUIL. FROZEN 

CHAMBER 9coo. 9000. 1.281E 05 1.281E 05 1.0525 1.0529 
THROAT 8 180. 6857. 1.191E 05 1.176E 05 1.0815 1.0529 

l.OOoE-Cl 6663. 3699. 9.658E 04 1.022E 05 1.1775 1.0529 
l.OOOE-C2 5489. 1503. 7.432E 04 9.156E 04 1.3072 1.0529 
l.OOOE-C3 4697. 605. 5.736E 04 8.727E 04 1.4336 l-.0529 
l.OOOE-C4 4106. 242. 4.39lE 04 8.554E 04 1.5564 1.0529 
5.000E-C5 3955. 4.0386 04 1.5926 
l.OOOE-C5 3637. 3.296E 04 1.6752 
5. OOOE-C 6 3512. 3.005E 04 1.7102 
l.OOOE-C6 3243. 2.388E 04 1.7895 
5.000E-C7 3 133. 2.145E 04 1.822E 
l.OOOE-07 2886. 1.627E 04 1.8974 

PRESSURE DENSITY-LB/FT3 
RATIC EQUIL. FROZEN 

CHAMRE P 3.205E-04 3.205E-04 
THROAT 2.055E-04 2.074E-04 

l.OOOE-Cl 4.844E-05 7.798E-05 
l.OOOE-C2 6.526E-06 1.919E-05 
l.OOOE-C3 8.362E-07 4.767E-06 
l.OOOE-04 l.O38E-07 l.l9lE-06 
5.000E-C5 5.517E-08 
l.OOOE-C5 1.262E-08 
5.000E-C6 6.67 lE-09 
l.OOOE-06 1.512E-09 
5.000E-C7 7.969E-10 
l.OOOE-07 1.801E-10 

PRESSURE NOZZLE AREA RATIO IDEAL I SP-SEC VAC ISP-SEC 
RATIO EPUIL. FROZEN EPUIL. FROZEN ECLIL. FROZEN 

fHROAT l.OOOE 00 l.OOOE 00 661.2 713.3 1210.4 1151.7 
l.OOOE-01 2.273E 00 1.694E 00 1234.6 1119-s 1454.6 1270.5 
l.OOOE-C2 1.2Y2E 01 5.799E 00 1612.6 1329.3 1737.6 1380.9 
l.OOOE-03 8.789E 01 2.208E 01 1849.6 1405.2 1934.6 1424.9 
l.OOOE-04 6.487E 02 8.659E 01 2017.8 1434.6 20E0.5 1442.3 
5. OOOE-C 5 1.196E 03 2059.6 2117.5 
l.OOOE-C5 5.02lE 03 2145.0 2143.6 
!J.OOOE-C6 Y.357E 03 2177.5 2222.8 
l.OOOE-C6 4.004E 04 2245.0 22f3.7 
5.000E-0 7 7.510E 04 2271.0 23C7.4 
l.OOOE-C7 3.2456 05 2325.5 2356.9 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

FACH NUCBER 
ECUIL. FROZEN 

21275. 22950. l-COO l.OOC 
39723. 36031. 2.199 2.132 
51885. 42770. 3 -380 3.954 
59507. 45212. 4.425 6.570 
64919. 46156. 5.412 10.586 
66265. 5.702 
69013. 6.368 
70060. 6.653 
72231. 7.314 
73068. 7.599 
74820. 8.266 
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TABLE 24 

PERFCRMANCE PARAMETERS FOR t=iYOROGEN AT : STAGNATICN PRESSURE OF 
2. ATw AN0 A STAGYATICN TEMPERATURE OF 1CCCO. CEG P 

THROAT FLOW PARAHETERIEQUIL.) = 209.59 LB-SQRTICEC RI/SEC-FTZ-ATM 
THRbAT FLGW PARAMETERtFROZENl = 223.75 LB-SORTtCEG RI/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREb(EQUIL.1 = 4.192 LB/SEC-FTZ 
t’AX WT FLOW PER UNIT AREAIFROZEN) = 4.475 LB/SEC-FTi 

THROAT PRESSURE RATIO(EQUIL.1 = 0.5677 
THROAT PRESSURE PATIOIFROZEN) = 0.4894 

ENTROPY = 3.S95E 01 BTU/LB-OEG R 

PRESSURE TEMOERATURE-OEG R ENTHALPY-BTU/LB MCLECl!LAR WT. 
RATIO EQ’!IL. FROZEN EQUIL. FROZEh ECUIL 0 FROZEN 

CHAMBER 10000. 10000. 1.385E 05 1.385E 05 1.023e 1.0236 
THROAT 8734. 7545. 1.283E 05 1.264E 05 1.0445 1.0236 

l.OooE-01 6845. 4028. 1.040E 05 1.091E 05 1.1341 1.0236 
l.OOOE-C2 5501. 1616. 8.040E 04 9.728E 04 1.2603 1.0236 
l.OOOE-03 4762. 646. 6.255E 04 9.255E 04 1.3842 l-.0236 
l.OOOE-C4 4160. 258. 4.845E 04 9.066E 04 1.505 f 1.0236 
5. OOOE-C 5 4007. 4.475E 04 1.540; 
l.OOOE-C5 3687. 3.6Y8E 04 1.6223 
5.000E-C6 3563. 3.393E 04 l-t565 
l.OOOE-C6 3297. 2.747E 04 1.7351 
S.OOOE-C7 3190. 2.492E 04 1.7691 
l.OOOE-07 2956. 1.948E 04 1.8445 

PRESSURE DENSITY-LB/FT3 
RATIG EQUIL. FROZEN 

CHAMBER 2.804E-04 2.804E-04 
THROAT l.f36OE-04 1.8P9E-04 

l.OOOE-01 4.539E-05 6.96lE-05 
l.OOOE-C2 6.187E-06 1.735E-05 
l.OOOE-C3 7.964E-07 4.34lE-06 
1. ooofi-c4 9.912E-08 l.O88E-06 
5.000E-C5 5.267E-08 
l.OOOE-C5 1.205E-08 
5.000E-C6 6.371E-09 
l.OOOE-C6 1.442E-09 
5.000E-07 7.596E-10 
l.OOOE-07 1.710E-10 

PRE SSUHE NOZZLE AREA RATIO IDEAL ISP-SEC \rAC ISP-SEC 
RATIO EQUI L. FROZEN EQUIL. FROZEh ECLIL. FROZEN 

THROAT l.OOOE 00 l.OOOE 00 700.4 764.7 1273.6 1227.5 
l.OOOE-Cl 2.22?E 00 1.677E 00 1291.2 1191.8 1515.6 1350.3 
l.OOOE-C2 1.2576 01 5.679E 00 1675.7 1411.2 18C2.6 1464.9 
l.OOOE-03 8.538E 01 2.150E 01 1916.0 149o.c 2oc2.2 1510.4 
1 .OOOE-C4 6.3oOE 02 8.406E 01 2086.4 1520.4 2150.0 1528.3 
5.000E-C5 1.162E 03 2128.8 2le7.4 
l.OOOE-C5 4.879E 03 2215.3 2264.6 
5.000E-06 9.096E 03 2248.3 2254.3 
l.OOOE-C6 3.898E 04 2316.8 2356.2 
5.000E-07 7.319E 04 2343.3 23eo.2 
1 .OOOE-07 3.177E 05 2398.7 2430.8 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

22534. 24603. 
41542. 38344. 
53915. 45404. 
61645. 47940. 
67128. 48917. 
68491. 
71276. 
72338. 
74541. 
75392. 
77177. 

t’ACH NUMBER 
ECL’IL. FROZEN 

l.COO l.OOC 
2.221 2.131 
3.416 3.978 
4.471 6.636 
5.4t6 10.716 
5.758 
6.428 
6.715 
7 -376 
7.661 
8.325 
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TABLE 25 

PERFCRMANCE PARARETERS FOR HYCROGEN AT A STAGNATICN PRESSURE OF 
2. ATI’ AND A STAGNATICN TEMPERATURE OF 12CCO. CEG P 

1HROAT FLOW PARAHETER(EOUIL.1 = 205.48 LB-SQRTLCEG R)/SEC-FTZ-ATC 
THROAT FLCW PLRAMETERIFROZEN) = 212.48 LB-SQRTLCEC RI/SEC-FTZ-ATH 

PAX WT FLOW PER UNIT AREA(EQlJIL.1 = 3.752 LB/SEC-FT2 
PAX wT FLOW PER UNIT AREPIFROZENI = 3.879 LB/SEC-FTi 

THROAT PRESSURE RATIO(EQU1L.I = 0.5351 
THRQAT PRESSURE RATIOIFROZENI * 0.4595 

ENTROPY = 4.109E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECLLAR WT. 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMRER 12COO. 12000. 1.495E 05 1.495E 05 1.0107 1.0107 
THROAT 9685. 8804. 1.377E 05 1.35lE C5 1.0197 1.0107 

l.OOOE-Cl 7085. 4790. 1.119E 05 1.153E 05 1.C92; 1.0107 
l.OOOE-C2 5682. 1910. 8.679E 04 l.OI1E 05 1.2146 1.01c7 
l.OOOE-C3 4828. 76 1.. 6.799E 04 9.546E 04 1.336 1 1.0107 
1 .OOOE-C4 4212. 303. 5.320E 04 9.321E 04 1.4546 1.0107 
5.000E-C5 4 c57. 4.9336 04 1.4897 
l.OOOE-C5 3735. 4.119E 04 1.5701 
5.000E-C6 3610. 3.800E 04 1.6042 
l.ODOE-C6 3345. 3.124E 04 1.6823 
5.000E-07 3240. 2.857E 04 1.7154 
l.OOOE-07 3011. 2.287E 04 1.7907 

PRESSURE DENS1 TY-LB/FT3 
RATIO EQUIL. FROZEN 

CHAMBER 2.307E-04 2..307E-04 
THROAT 1.544E-04 1.445E-04 

l.OOOE-Cl 4.223E-05 5.780E-05 
l.OOOE-02 5.857E-06 1.450E-05 
l.OOOE-C3 7.582E-07 3.6396-06 
l.OOOE-C4 9.460E-08 9.137E-07 
5.000E-C5 5.030E-08 
1.000E-05 1.152E-08 
5.000E-C6 6.08BE-09 
1 .OOOE-C6 1.37RE-09 
5.000E-C7 7.25?E-10 
l.OOOE-07 1.629E-10 

PRESSURE NOTZLE AREA RATIO IDEAL ISP-SEC VAC ?SP- SEC 
RATIC EQLI L. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

THROAT l.OOCE 00 l.OOOE 00 755.4 834.3 1359.1 1335.6 
1.000E-C 1 2.049E 00 1.623E 00 1348.0 1285.5 1579.0 1462.5 
l.OOOE-C2 1.144E 01 5.439E 00 1741.0 1529.1 1869.9 1588.5 
l.OOOE-C3 7.748E 01 2.050E 01 1984.9 1616.C 2072.3 1638.4 
l. OOOE-C4 5.712E 02 8.00lE 01 2157.6 1649.4 2222.0 1658.1 
5.000E-C5 1.053E 03 2200.5 2259.9 
l.OOOE-C5 4.424E 03 2288.2 2338.1 
S.OOOE-C6 6.250E 03 2321.6 2368.2 
l.OOOE-06 3.539E 04 2391.1 2431.0 
5.000E-07 6.649E 04 2417.9 2455.4 
l.OOOE-07 2.893E 05 2474.3 25C6.9 

VELOC I T Y-FT/SEC 
EQUIL. FROZEN 

PACH NUMBER 
ECUIL. FROZEN 

24305. 26844. l.COO l.OCC 
43370. 41358. 2 0229 2.088 
56013. 49198. 3.449 3.933 
63861. 51995. 4.517 6.584 
69418. 53068. 5.520 10.647 
70799. 5.815 
73621. 6.490 
74697. 6.778 
76930. 7.443 
77794. 7.728 
79607. 8.391 
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TABLE 26 

PERFCRCANCE PARAMETERS FOR I’YOROGEN AT A STAGNATICN PRESSURE OF 
2. ATP AND 4 STAGNATICN TEMPERATURE OF 14CCC. CEG P 

TttKOAT FLCW PARAMETERTEaUIL.1 = 219.57 LB.-SORT T CEG RI /SEC-FTZ-ATM 
THROAT FLCW PARAMETERLFROZEN) = 213.78 LB-SORTICEG RI/SEC-FT2-ATM 

)‘AX ~JT FLOW PER UNIT AREATEaUIL.1 = 3.711 LB/SEC-FT4 
)rAX WT FLOW PER UNIT AREAiFROZENl = 3.613 LB/SEC-FTi 

THROAT PRESSURE HATIO(EaUIL.l = 0.5603 
THROAT PRESSURE RATIOTFROZEhl = 0.4631 

ENTROPY = 4.188E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECLLAR WT. 
RATIC EQUIL. FROZEN EQUIL. FROZER ECLIL. FRCZEh; 

CHAMBER 14000. 14000. 1.597E 05 1.597E 05 l.COBf 1.0088 
THROAT 11179. 10299. 1.454E 05 1.428E 05 l.CLO7 1.00@8 

l.OOOE-Cl 7312. 5581. l.176E 05 l.195E 05 1.065C 1.0088 
l.OOOE-C2 5758. 2223. 9.130E 04 1.030E C5 1.1845 1.0088 
I.OoOE-C3 4874. 885. 7.182E 04 9.64lE 04 1.3041 1.0088 
l.OOOE-C4 4248. 352. 5.653E 04 9.379E 04 1.4211 1 .OOB8 
Lj.OOOE-C5 4090. 5.254E 04 1.4558 
l.O00E-C5 3765. 4.415E 04 1.5352 
5.000E-C6 3640. 4.086E 04 1.569C 
l.OOOE-C6 3375. 3.389E 04 1.646r 
S.OOOE-C7 3270. 3.114E 04 1.6792 
l.OOOE-C7 3044. 2.526E 04 1.7542 

PRESSURE DENSITY-LB/FT3 
RATIO EQUIL. FROZEN 

CHAMBER 1.974E-04 1.974E-04 
THROAT 1.388E-04 l.t43E-04 

l.OOOE-CL 3.993E-05 4.952E-05 
1.000E-C2 5.636E-06 1.243E-05 
l.OOOE-C3 7.331E-07 3.122E-06 
l.OOOE-C4 9.166E-08 7.842E-07 
S.OOOE-05 4.876E-08 
l.OOOE-C5 l.ll;lE-08 
S.OOOE-C6 5.905E-09 
l.OOOE-C6 1.337E-09 
S.OOOE-07 7.035E-10 
1 .OOOE-07 1.579E-10 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC b AC I SP-SEC 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEhi 

THROAT l.oOOE 00 l.OOOE 00 831.1 903.7 1470.0 1446-C 
l.OOOE-Cl 2.024E 00 1.628E 00 1427.3 1393.2 1658.1 1583.8 
l.OOOE-C2 1.125E 01 5.456E 00 1818.6 1655.7 1946.9 1719.5 
l.OOOE-C3 7.634E 01 2.056E O1 2061.3 1749.2 2148.4 1773.3 
l.OOOE-C4 5.635E 02 8.023E 01 2233.4 1785.1 2297.7 1794.5 
b.OOOE-C 5 1.039E 03 2276.2 2335.5 
l.OOOE-C5 4.369E 03 2363.7 24 13:s 
S.OOOE-C6 8.149E 03 2397.1 2443.6 
l.OOOE-C6 3.499E 04 2466.5 25C6.3 
5.OOOE-07 6.577E 04 2493.3 2530.8 
l.OOOE-C7 2.866E 05 2549.7 25e2.3 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

PACH NUkBER 
ECUIL. FROZEN 

26739. 29077. 1 .coo l.CCC 
45921. 44825. 2.288 2.094 
58510. 53269. 3.530 3.943 
66321. 56280. 4.610 6.601 
71859. 57435. 5.t23 LG.675 
73236. 5.921 
76051. 6.602 
77125. 6.892 
79356. 7.562 
80219. 7 -849 
82033. 8.516 
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TABLE 27 

PERFCRHANCE FARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
2. ATM AND A STAGNATICN TEMPERATURE OF 16CC0. CEG R 

THROAT FLCW PARAHETER(EaUIL.1 = 220.64 LB-SaRTLCEC RI/SEC-FTE-ATM 
THROAT FLOW PARAMETERLFR~JZEN) = 222.72 LB-SQRTLCEG R)/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREA(EQUIL.l = 3.489 LB/SEC-FT2 
FAX WT FLOU PER UNIT AREALFROZEN) = 3.522 LB/SEC-FT2 

THROAT PRESSURE AATIO(EaUIL.l = 0.5515 
THROAT PRESSURE RATIOLFROZEN) = 0.4873 

ENTROPY = 4.254E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECLLAR WT. 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECLIL. FROZEN 

CHAMBER 16000. 16000. 1.696E 05 1.696E 05 1.0083 1.0083 
THROAT 12638. 12006. 1.529E 05 1.499E 05 1.009C 1.0083 

l.OOOE-01 7576. 6353. 1.225E 05 1.222E 05 1.0452 1.0083 
l.OOOE-02 5827. 2473. 9.515E 04 1.035E C5 1.1601 1.0083 
I.OOOE-C3 4913. 946. 7.507E 04 9.629E C4 1.2782 1.0083 
L.OOOE-C4 4277. 359. 5.937E 04 9.354E 04 i.393e 1.0083 
S.OOOE-C5 4118. 5.527~ 04 1.4281 
l.OOOE-C5 3790. 4.666E 04 1.506F 
S.OOOE-C6 3664. 4.329E 04 1.5401 
1 .OOOE-06 3398. 3.614E 04 1.617C 
S.OOOE-07 3293. 3.332E 04 1.6496 
l.OOOE-C7 3069. 2.729E 04 1.724 1 

PRESSURE DENSITY- 
RATIO EQUIL. 

CHAMBER 1.727E-04 
THROAT 1.206E-04 

1. OOOE-C 1 3.779E-05 
l.OOOE-02 5.454E-06 
l.OOOE-03 7.127E-07 
l.OOOE-04 8.929E-08 
5. OOOE-C 5 4.751E-08 
1. OOOE-C 5 l.OB9E-08 
S.OOOF-C6 5.759E-09 
l.OOOE-C6 1.304E-09 
S.OOOE-C7 6.861E-10 
l.OOOE-07 1.539E-10 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC YAC ISP-SEC 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

THROAT l.COOE 00 l.OOoE 00 898.9 976.1 1567.9 1561.8 
l.OOOE-Cl 1.900E 00 1.6626 00 1509.9 1514.7 1740.4 1714.4 
l.OOOE-C2 1.047E 01 5.478E 00 1898.1 1788.4 2025.1 1854.2 
l.OOOE-C3 7.114E 01 1.99lE 01 2138.5 1883.4 2224.8 1907.4 
l.OOOE-C4 5.258E 02 7.417E 01 2309.3 1918.4 2373.1 1927.3 
S.OOOE-CS 9.704E 02 2351.8 241G.7 
1. OOOE-CS 4.082E 03 2438.7 24E8.3 
5. OOOE-C 6 7.617E 03 2471.9 2518.1 
l.OOOE-C6 3.273E 04 2540.9 25EC.6 
S.OOOE-07 6.155E 04 2567.6 26C4.9 
l.OOOE-C7 2.68CE 05 2623.8 2656.4 

.LB/FT3 
FROZEN 

1.727E-04 
l.l21E-04 
4.349E-05 
l.l17E-05 
2.919E-06 
7.693E-07 

VELOC I TY-FT/SEC 
EQUIL. FROZEN 

PACH NUMBER 
ECuIL. FROZEN 

28922. 31405. 1.000 1.000 
48578. 48734. 2.347 2.124 
61068. 57539. 3.621 3.988 
68805. 60598. 4.714 6.759 
74300. 61724. 5.737 11.154 
75667. 6.037 
78464. 6.725 
79532. 7.018 
81751. 7.694 
82610. 7.984 
84418. 8.655 
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7ABLE 28 

PERFCRMANCE PARAMETERS FOR HVDROGEN AT A STAGNATICN PRESSURE OF 
2. ATM AND A STAGNATICN TEMPERATURE OF 18CCO. CEG P 

THROAT FLCW PARAMETERTEaUIL.1 = 221.25 LB-SQRTTCEG RI/SEC-FT2-ATM 
THROAT FLCW PARAMETERTFROZEN) = 222.69 LB-SPRTTCEE R)/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREALEQUIL. 1 = 3.29.S LB/SEC-FT 2 
PAX WT FLOW PER UNIT AREATFROZEN) = 3.32C LB/SEC-FTi 

THROAT PRESSURE RATIO(EaUIL.1 = 0.5426 
THROAT PRESSURE RATIOTFROZEN) = 0.4874 

ENTROPY = 4.312E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R 
RATIC EQUIL. FROZEN 

CHAMBER 18000. 18000. 
THROAT 14110. 13509. 

I.OOOE-Cl 7914. 7156. 
l.O00E-C2 5894. 2793. 
i.OOOE-C3 4949. 1071. 
1.000E-C4 4302. 407. 
5.000E-C5 4141. 
1.000t-C5 3811. 
5.000t-C6 3684. 
1.000E-66 3417. 
5.000E-C7 3313. 
l.O00E-07 3C89. 

PRk SSUKE 
RATIO 

CHAMBER 
THROAT 

1.OOOE-Cl 
l.OOOf-C2 
1 I OOOE--0 3 
1.000E-04 
F,.OOOE-c5 
l.OOOE-C5 
5.000E-06 
l.OtJOE-C6 
5.000E-07 
1.000E-C7 

DFNSITY-LB/FT3 
EQHIL. FROZEN 

1.53CE-04 1.535E-04 
l.O62E-04 9.966E-05 
3.565E-05 3.860E-05 
5.297E-06 9. B90E-06 
6.954E-07 2.5BOE-06 
8.72YE-08 6.794E-07 
4.646E-08 
l.O66E-08 
5.636E-09 
1.276E-09 
6.716E-LO 
1.50&E-10 

PRESSURE 
RATIC 

rHliOA T 
l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-03 
l.OOOE-C4 
5.000E-05 
l.O00E-C5 
5.000E-C6 
1 c OOOE-C6 
5.OOOE--C7 
1.000E-C7 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOCE 00 i.OOOE 00 
1.804E 00 1.664E 00 
9.780E 00 5.497E 00 
6.650E 01 2.000E 01 
4.923E 02 7.458E 01 
9.088E 02 
3.826E 03 
7.142E 03 
3.072E 04 
5.778E 04 
2.523E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

1.795E 05 1.795E 05 
1.603E 05 1.574E 05 
1.270E 05 1.262E 05 
9.857E 04 1.05lE 05 
7.795E 04 9.6YlE 04 
6.187E 04 9.379E 04 
5.768E 04 
4.888E 04 
4.543E 04 
3.813E 04 
3.525E 04 
2.908E 04 

MCLECULAR WT. 
ECUIL. FRCZEN 
l-COB2 1.0082 
1.008d 1.0082 
1.029E 1.0082 
1.1394 1.0082 
1.2561 1.0082 
1.37OL 1.0082 
1.4046 
1.4825 
1.515i 
1.59lE 
1.6242 
1.6983 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

PACH NUt’BER 
ECLIL. FROZEN 

31042. 33309. l-COO l.CCC 
51282. 51702. 2 -395 2.125 
63671. 61062. 3.717 3.986 
71316. 64321. 4.824 6.747 
76753. 65521. 5.858 11.12s 
78107. 6.162 
80879. 6.056 
81938. 7.152 
84140. 7.834 
84993. 8.127 
86789. 8.BC4 

IDEAL ISP-SEC 
EQUIL. FROZEN 

964-B 1035.3 
1593.9 1606.9 
1979.0 1897.9 
2216.6 1999.2 
2385.6 2036.5 
2427.7 
2513.8 
2546.7 
2615.2 
2641.7 
2697.5 

bAC ISP-SEC 
ECLIL. FROZEN 

1.661.1 lt56.7 
1825.4 1819.0 
2lC4.5 1968.0 
23C1.9 2C24.7 
2448.7 2046.0 
2486.0 
25t2.9 
2552.5 
2654.6 
2678.7 
2729.8 
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TABLE 29 

PERFCRKANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE GF 
2. AT?’ AND 4 STAGNATZCN TEMPERATURE OF ZCCGO. CEG F 

THROAT FLOW PARAHETERTEQUIL.) = 201.93 LB-SQRTTCEG RI /SEC-FTZ-ATH 
THROAT FLOW PARAHETERtFROZEN) = 219.46 LB-SQRTTOEG RI/SEC-FTZ-ATM 

t’AX WT FLOW PER UNIT AREA(EQUIL.) = 2.856 LB/SEC-FT2 
PAX WT FLOW PER UNIT AREAl FROZEN) = 3.104 LB/SEC-FT2 

THROAT PRESSURE PATIOTEQUIL.) = 0.5576 
THROAT PRESSURE RATIOTFRDZEN) = 0.4874 

ENTROPY = 4.476E 01 BTU/LB-OEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB HCLECtLAR WT. 
RATIO EQUZ L. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER 2ocoo. 20000. 2.094E 05 2.094E 05 0.9793 0.9793 
THROAT 17746. 15012. 1.8726 05 1.841E C5 0.9945 0.9793 

l.OOOE-Cl 10047. 7960. 1.414E OS 1.483E 05 1 .a095 0.9793 
l.O00E-C2 6129. 3118. 1.084E 05 1.241E 05 1.0851 0.9793 
l.OOOE-C3 5054. 1200. 8.613E 04 1.147E 05 1.1975 om.9793 
l.OOOE-C4 4372. 457. 6.896E 04 l.lllE 05 1.308E 0.9793 
5.000E-C5 4206. 6.451E 04 1.341E 
l.O00E-C 5 3867. 5.516E 04 1.4177 
5.000E-C6 3?38. 5.150E 04 1.4501 
l.OOOE-C6 3468. 4.376E 04 1.5244 
5.000E-07 3363. 4.07LE 04 1.5561 
l.OOOE-07 3139. 3.418E 04 1.6287 

PRESSURE DENS1 TV-LB/FT3 
RATIC EQUIL. FROZEN 

CHAMBER 1.342E-04 1.342E-04 
THROAT 8.564E-05 8.712E-05 

l.OOOE-C 1 2.753E-05 3.3716-05 
1.000E-C2 4.851E-06 8.60&E-06 
1.000E-C3 6.492E-07 2.237E-06 
l.O00E-04 8.201E-08 5.869E-07 
5.000E-C5 4.370E-08 
l.OOOE-C5 l.O04E-08 
5.000E-C6 5.314E-09 
l.OOOE-C6 1.204E-09 
5.000E-C7 6.339E-10 
l.OOOE-07 1.422E-10 

PRESSURE NOZZLE AREA RATIO IDEAL ZSP-SEC VAC t SP-SEC 
RATIC EQUZL. FROZEN EQUIL. FROZEh ECUZL. FROZEN 

THROAT 1.000E 00 l.OOOE 00 1036.4 1107.3 1862.7 1771.9 
l.OOOE-Cl 1.778E 00 1.665E 00 1813.3 1718.9 2076.8 1945.9 
l.OOoE-C2 8.27RE 00 5.52OE 00 2210.3 2030.7 2333.0 2106.0 
L.OOOE-C3 5.600E 01 2.016E 01 2441.7 2139.7 2524.7 2167.1 
l.OOOE-C4 4.153E 02 7.540E 01 2606.1 2179.9 2667.7 2190.2 
5. OOOE-C 5 7.672E 02 2647.2 27C4.0 
1.000E-C5 3.236E 03 2731.2 2779.2 
5.000E-C6 6,044E 03 2763.4 28C8.2 
l.OOOE-C6 2.6046 04 2830.3 28C8.9 
5.000E-C7 4.902E 04 2856.3 2852.6 
l.OOOE-07 2.145E 05 2911.0 2942.8 

VELOCITY-FT/SEC 
EQUIL. FROZEF; 

P’ACH NUMBER 
ECLIL. FROZEN 

33344. 35626. 1 .cco l.OOC 
58341. 55303. 2.334 2.126 
71114. 65337. 3.961 3.984 
78559. 68841. 5.127 6.733 
83849. 70137. 6.199 11.087 
85 170. 6.512 
87875. 7.229 
88909. 7.534 
91063. 8.236 
91899. 8.537 
93659. 9.232 
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TABLE 30 

PERFCRMANCE PARAMETERS FOR HVDROGEN AT A STAGNATICN PRESSURE OF 
2. ATM AND A STAGNATZCN TEMPERATURE OF 3CCC0. CEG F 

THROAT FLCW PARAl’ETER(EOUIL.1 = 163.05 LB-SORTICEG RI/SEC-FTZ-ATM 
THROAT FLCW PARAHETERIFROZEN) = 181.80 LB-SQRTICEE RI/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREAIEQUIL.) = 1.883 LB/SEC-FTi 
CAX WT FLOW PER UNIT AREPIFROZENI = 2.099 LB/SEC-FTZ 

THROAT PRESSURE RATIOIEQUIL.l = 0.5632 
THROAT PRESSURE RATIOIFROZEN) = 0.4877 

ENTROPY = 5.978E 01 BTU/LB-DEG R 

Pi\E SSURE 
RATIO 

CHAMBER 
THROAT 

1 .OOOE-Cl 
l.OOOf-02 
l.OOOE-03 
l.OtJOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-07 
l.OOOE-07 

PRESSURE 
RATIO 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-04 
‘j.OOoE-C5 
l.OOOE-C5 
S.OOOE-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-C7 

PRE SSUPE 
RATtC 

THKOA T 
l.OOOE-Cl 
1 .OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l .OOOE-C6 
S. OuOE-C 7 
l.OOOE-C7 

TEMPERATURE-DEG R 
EQIIIL. FROZEN 
30000. 30000. 
28087. 22601. 
23475. 11999. 
19012. 4764. 
15531. lR79. 
11844. 737. 

9917. 556. 
5322. 289. 
4513. 
3923. 
3766. 
3471. 

DENSITY-LB/FT3 
EQUIL. FROZEN 

6.166E-05 6.166E-05 
3.830E-05 J.99lE-05 
B.913E-06 1.542E-05 
1.226E-06 3.883E-06 
1.644E-07 9. t147E-07 
2.309E-08 2.508E-07 
1.391E-08 1.663E-07 
5.195E-09 6.403E-08 
3.104E-09 
7.5286-10 
4.012E-10 
9.162E-11 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOOE 00 l.OOOE 00 
2.296E 00 1.667E 00 
1.2776 01 5.596E 00 
8.325E 01 2.092E 01 
5.473E 02 8.053E 01 
8.951E 02 1.211E 02 
2.337E 03 3.131E 02 
3.885E 03 
1.58lE 04 
2.953E 04 
1.280E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

5.986E 05 5.986E 05 
5.503E 05 5.433E 05 
4.294E 05 4.652E 05 
3.093E 05 4.12lE 05 
2.208E 05 3.911E C5 
1.554E 05 3.8286 05 
1.417E 05 3.815E 05 
1.182E 05 3.796E 05 
1.116E 05 
9.892E 04 
9.407E 04 
8.38SE 04 

HCLECCLAR WT. 
ECUIL. FROZEN 
0.675; 0.6752 
0.697; 0.6752 
0.763: C.6752 
0.85C t 0.6752 
C-932; 0.6752 
0.998’ 0.6752 
l.CO74 0.6752 
l.CC91 0.6752 
1 .C227 
1.0780 
l.lC22 
1.1607 

VELOCITY-FT/SEC 
EOUIL. FROZEN 

FACH NUMBER 
ECLIL. FROZEN 

49154. 52594. l.COO l.OOC 
92026. 81703. 2.178 2.129 

120331. 96612. 3.382 3.986 
137522. 101913. 4.505 6.682 
148957. 103925. 5.634 10.863 
151232. 104240. 5.717 12.543 
155071. 104703. 9 .(I13 17.477 
156129. lO.Cl7 
158156. 11.255 
158922. 11.698 
160522. 12.670 

IDEAL ZSP-SEC 
EQUIL. FROZEN 
1527.8 1634.7 
2860.3 2539.4 
3740.0 3002. @ 
4274.3 3167.6 
4629.7 3230.1 
4700.4 3239.9 
4819.8 3254.3 
4852.6 
4915.6 
4939.5 
4989.2 

VAC lSP-SEC 
ECUIL. FRCZEN 

2793.7 2617.0 
3376.2 2875.4 
4026.9 3115.6 
4461.4 3209.7 
4752.7 3246.3 
48Cl.C 3252.1 
4872.3 3260.6 
4896.3 
4951.2 
4972.6 
5018.0 
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TABLE 31 

PERFCRMANCE PARAMETERS FOR HYOROGEN AT A STAGNATICN PRESSUFE CF 
2. ATM AND A STAGNATZCN TEMPERATURE OF 4CCC0. CEG P 

THROAT FLCW PARAMETERTEQUIL.) = 147.88 LB-SQRTTCEC R)/SEC-FTZ-ATM 
TI-IROAT FLCkd PARAMETERTFROZEN) = 159.87 LB-SQRTT CEG RI/SEC-FTZ-ATM 

t’AX wT FLOW PER UNIT AREATEQUIL. 1 = 1.479 LB/SEC-FTi . 
CAX WT FLOW PER UNIT AREATFROZEN) = 1.599 LB/SEC-FTf 

THROAT PRESSURE RATICTECIUIL.) = 0.5CO.5 
THROAT PRESSURE RATIOIFROZEN) = 0.4882 

ENTROPY = 7 .i25E 01 BTU/LB-CEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECLLAR WT. 
RATIO LQIIIL. FROZEN EQUIL. FROZEN ECUIL. FROZEh 

CHAMBER 40roo. 40000. 1.021E 06 1.021E CC 0.5192 0.5192 
THROAT 34676. 30059. 9.235E 05 9.249E G5 0.536; 0.5192 

l.OOOE-Cl 27603. 15948. 7.472E 05 7.898E 05 0.5841 0.5192 
l.OOOE-C2 21926. 6349. 5.658E 05 6.9BOE 05 0.6576 0.5192 
l.OOOE-C3 18242. 2526. 4.339E 05 6.614E C5 0.7317 0.5192 
I..OOOE-C4 15549. 1004. 3.334E 05 6.469E C5 0.804i 0.5192 
Ii. 00OE-C 5 14862. 761. 3.077E 05 6.446E CC 0.8264 0.5192 
l.OOOE-C5 13419. 399. 2.546E 05 6.411E 05 o.e757 0.5192 
5.000E-C6 12845. 2.342E 05 0.8965 
l.OOOE-C6 11565. 1.918E 05 0.943c 
5.000E-0 7 11003. 1.754E 05 0.9615 
l.O00E-07 9336. 1.434E 05 O.S99i 

PRESSURE 
RATIC) 

CHAMBER 
THRUA T 

1.000t-Cl 
1 .OOOE-C2 
l.OOOE-C3 
1.. OOOE-C4 
5.000E-C5 
1 .UOOE-C5 
5.000E-C6 
l.O00E-C6 
5.000E-C7 
l.OOOE-07 

DENSITY-LB/FT3 
EQUI L. FROZEN 

3.556f-05 3.556E-05 
2.127E-05 %.310E-05 
5.797E-06 8.920E-06 
8.2L7f-07 %.241E-06 
l.O99f-07 5.632E-07 
1.418E-08 1.416E-07 
7.617E-09 9.348E-08 
1.7BRE-09 3.562E-08 
3.560E-10 
2.234E-10 
1.198E-10 
2.934E-11 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

69700. 69196. 
116995. 107481. 
150890. 127083. 
171379. 134089. 
185471. 136776. 
188904. 137201. 
195816. 137830. 
198408. 
203693. 
205688. 
209550. 

CACH NUMBER 
ECUIL. FROZEN 

1 .coo l.OCC 
2.135 2.13C 
3.425 3.992 
4.574 6.676 
5.675 10.798 
6.003 12.445 
6.767 17.257 
7.1cc 
7 -889 
8.243 
9.078 

PRE SSlrRE NOZZLE AREA RATIO IDEAL ISP-SEC VAC I SP-SEC 
RATIC EQUIL. FROZEN EQUIL. FROZEh ECLIL. FRCLE”I 

THROAT l.COCE 00 l.OOOE OC 2166.4 2150.7 3559.6 3443.0 
l.OOOf-Cl 2.18OE 00 1.668E oc 3636.3 3340.6 42CC. 3 3782.1 
l.OOOE-C2 1.193E 01. 5.614E 00 4689.8 3949.5 5031.1 4C98.5 
1.000E-C3 7.852E 01 2.117E 01 5326.6 4167.6 5551.3 4223.7 
l.OOCIE-C4 5.623E 02 B.253E 01 5764.6 4251.1 5925.5 4273.0 
5.00OE-C5 1.028f 03 1.247E 02 5871.3 4264.3 6018.4 4280.8 
1.000E-C5 4.224E 03 3.256E 02 6086.2 4283. S 62C7.0 4292.5 
5.000E-C6 7.796E 03 6166.7 62 78.3 
l.OOOE-C6 3.25OE 04 6331 .O 6424.C 
5.000E-07 6.003E 04 6393.0 64 78.9 
l.O00E-C7 2.406E 05 6513.0 65e1.9 
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TABLE 32 

PEKFCRMANCE PARAMETERS FOR MYDROGEN AT A STAGNATICN PRESSURE OF 
2. ATM AND A STAGNATICN TEMPERATURE OF 5CCOO. LEG P 

THROAT FLCW PPRAMETERtEQUIL.) = 153.22 LB-SQRTTCEG RI/SEC-FT2-ATM 
THROAT FLCW PPRAMETERtFROZEN) = 157.77 LB-SQRT(CEC RI/SEC-FTZ-ATM 

MAX MT FLOW PER UNIT ARELIEQUIL.) = 1.37C LB/SEC-FTi 
MAX WT FLOW PER UNIT ARECtFROZEN) = 1.411 LB/SEC-FT2 

THROAT PRESSURE KATIO1EQUIL.) = 0.4841 
THROAT PRESSURE RATIOtFROZEN) = 0.4875 

ENTROPY = 7.533E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG K ENTHALPY-BTU/LB MCLECLLAR WT. 
RATIO EQUI L. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBEK 5ocoo. 50000. 1.157E 06 1.157E OC 0.5C6i 0.5OC2 
THROAT 39305. 37535. 1.032E 06 1.035E 06 0.513c 0.5062 

l.OOOE-Cl 29096. 19925. 8.344E 05 8.6166 05 0.551 i 0.5062 
1.000E-C2 22603. 7934. 6.344E 05 7.439E 05 0.6205 0.5C62 
l.O00E-03 18708. 3161. 4.908E 05 6.971E C5 0.6916 0.5062 
l.O00E-C4 15544. 1260. 3.820E 05 6.784E G5 0.7622 0.5062 
5.000E-C5 15251. 956. 3.542E 05 6.754E C5 0.7832 0.5062 
l.OOOE-C5 13816. 502. 2.966E 05 6.709E 05 0.@315 0.5062 
5.000E-C6 13758. 381. 2.745E 05 6.697E C5 0.852C 0.5062 
l.OOOE-C6 12059. 2.282E 05 0.8985 
5.00OE-C7 11570. 2.103E 05 0.918 1 
l.O00E-07 104 15. 1.742E 05 0.561: 

PRLSSURE DENSITY-LB/FT3 
RATIO EOUIL. FROZEN 

CHAMBER 2.774E-05 2.774E-05 
THROAT 1.73lE-05 l.BOlE-05 

l.OOOE-Cl 5.190E-06 6.961E-06 
l.OOOE-C2 7.521E-07 1.748E-06 
l.OOOE-C3 l.O13E-07 4.387E-07 
l.OOOE-04 1.310E-08 l.lOlE-07 
5.000E-C5 7.035E-09 7.258E-08 
L.OOOE-C5 1.649E-09 2.760E-08 
5.000E-C6 8.803E-10 1. BZOE-08 
l.O00E-06 2.041E-10 
5.OOOF-c7 l.O87E-10 
1.000t~-07 2.529E-11 

VELOCITY.-FT/SEC 
EQUIL. FROZEN 

79175. 78347. 
127119. 121633. 
161776. 143828. 
182642. 151767. 
196996. 154817. 
200497. 155301. 
207556. 156017. 
210210. 156209. 
215647. 
217716. 
221833. 

PACH NUMBER 
ECLIL. FROZEN 

l.CGO l.OOC 
2.105 2.13C 
3.481 3.992 
4.665 6.674 
5.785 10.785 
6.117 12.425 
6.886 17.213 
7.217 19.792 
7.595 
8.336 
9.159 

PRE SSLRE NOZZLE AREA RATIO IDEAL ISP-SEC VAC I SP-SEC 
RATIC EQUIL. FROZEN EQUIL. FROZEN ECLIL. FROZEN 

THKOAT l.OOCE 00 l.OOOE OO 2460.8 2435.1 3955.7 3.897.0 
1.000E-01 2.077E 00 1.667E 00 3951.0 3780.5 4552.4 4280.3 
l.OOOE-C2 1.126E 01 5.613E 00 5028.2 4470.3 5376.0 4638.6 
l.OC)OE-C3 7.408E 01 2.119E 01 5676.7 4717.1 59c5.5 4780.6 
1 .OOOE-C4 5.312E 02 8.282E 01 6122.8 4811.9 62E6.9 4836.7 
5.000E-C5 Y.716E 02 1.252E 02 6231.6 4826.9 63el.7 4845.7 
l.O00E-C5 4.004E 03 3.277E 02 6451.1 4849.2 6574.7 4859.0 
5.000E-C6 7.406E 03’ 4.963E 02 6533.5 4855.1 6647.9 4862.6 
1 .OOOE-C6 3.113E 04 6702.5 6758.6 
5.000E-07 5.791E 04 6766.8 6856.3 
l.OOOE-07 2.443E 05 6894.8 6970.2 
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TABLE 33 

PERFCRMANCE PARAMETERS FOR HYOROGEN AT A STAGNATICN PRESSUPE OF 
2. ATM AND A STAGNATICN TEMPERATLRE OF 75COO. CEG R 

THKOAT FLOY PPRAMETER(EOUIL. 1 = 157.39 LB-SQRTtCEG RI/SEC-FTZ-ATM 
THROAT FLOW PIRAMETERLFROZEN) = 157.51 LB-SQRTtCEG R)/SEC-FTZ-ATM 

MAX WT FLOW PER UNIT AREP(EQUIL.l = 1.149 LB/SEC-FT2 
MAX WT FLCW PER UNIT AREA(FROZEN1 = 1.15C LB/SEC-FTZ 

THROAT PRESSURE WATIOTEQUIL.l = 0.4872 
THROAT PRESSURE RATIOTFROZEN) = 0.4873 

ENTROPY = 7.S45E 01 BTU/LB-DEG R 

PRESSURE 
RATIO 

CHAMBER 
THROAT 

l.OOOE-01 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-04 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-G7 

PRESSURE 
RATIO 

CHAMBER 
THROAT 

l.OOOE-01 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5. OOOE-C 5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-07 
l.OOOE-07 

PRESSURE 
RATIO 

THROAT 
l.OOOE-Cl 
l. OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
Y.OOOE-C5 
1.000E-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-G7 
l.OOOE-C7 

TEMPERATURE-DEG R 
EOUIL. FROZEN 
75GOO. 75000. 
56347. 56265. 
32944. 29865. 
23652. 11890. 
19322. 4734. 
16416. 1885. 
15703. 1428. 
14245. 750. 
13687. 569. 
12515. 299. 
12053. 
11049. 

OENSI TY 
EQIIIL. 

L.f342E-05 
l.l95E-05 
4.294E-06 
6.676E-07 
9.123E-08 
1.186E-08 
6.375E-09 
1.495E-09 
7.976E-10 
1. B44E-10 
9.792E-11 
2.245E-11 

-LB/FT3 
FROZEN 

1.842E-05 
1.196E-05 
4.625E-06 
1.162E-06 
2.918E-07 
7.329E-08 
4.835E-08 
1.841E-08 
1.214E-08 
4.623E-09 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOOE 00 l.OOOE 00 
1.785E 00 1.667E 00 
9.326E 00 5.6llE 00 
6.140E 01 2.117E 01 
4.417E 02 8.264E 01 
8.090E 02 1.249E 02 
3.345E 03 3.265E 02 
6.197E 03 4.943E 02 
2.619E 04 1.296E 03 
4.890E 04 
2.095E 05 

ENTHALP Y-BTU/LB 
EQUIL. FROZ EM 

1.410E 06 1.410E C6 
1.225E 06 1.2256 06 
9.607E 05 9.652E 05 
7.294E 05 7.880E 05 
5.690E 05 7.175E C5 
4.485E 05 6.894E 05 
4.178E 05 6.849E 05 
3.543E 05 6.783E 05 
3.299E 05 6.765E 05 
2.788E 05 6.738E 05 
2.589E 05 
2.171E 05 

MCLECLLAR WT. 
ECLIL. FROZEN 
0.5042 0.5042 
0.5044 0.5042 
0.5161 0.5042 
0.576‘ 0.5042 
0 -6434 O-.5042 
0.7106 0.5042 
0.7307 0.5042 
0.7771 0.5042 
0 -7965 0.5042 
0.8423 0.5042 
0.861t 
0.9055 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

MACH NUMBER 
ECUIL. FROZEN 

96179. 96155. l.COO l.OOC 
149991. 149235. 2.088 2.13C 
184591. 176461. 3 -650 3.Y92 
205 190. 186195. 4.942 6.675 
219397. 189932. 6.115 10.792 
222870. 190523. 6 -460 12.435 
229889. 191399. 7 -253 17.235 
232535. 191633. 7.593 19.822 
237972. 191980. 8.384 27.398 
240052. 8.727 
244372. 9.534 

IDEAL ISP-SEC 
EQUIL. FROZEN 
2989.3 2988.6 
4661.9 4638.4 
5737.3 5484.6 
6377.5 5787.1 
6819.1 5903.3 
6927.0 5921.7 
7145.2 5948-S 
7227.4 5956.1 
7396.4 5966.9 
7461 .O 
7595.3 

LAC ISP-SEC 
ECUIL. FROZEh 

4783.3 4781.4 
5319.0 5251.5 
6oec.7 5691.C 
66C3.6 5865-C 
6981.7 5933.7 
7076-C 5944.6 
7268.4 5960.9 
7341.5 5965.2 
7492.9 5971.7 
7551.1 
7672.4 
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TABLE 34 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSUPE OF 
2. AT” AND A STAGNATICN TEMPERATURE GF lCCCO0. CEG R 

THROAT FLCIJ PARAMETERIEQUIL.) = 157.49 LB-SQRTICEG RI/SEC-FTZ-ATM 
THROAT FLOW PARAMETER I FROZEN 1 = 157.50 LB-SQRTICEG RI/SEC-FTZ-ATP 

PAX WT FLOW PER UNIT ARELIEQUIL.) = 0.99C LB/SEC-FTi 
?‘AX WT FLOW PER UNIT AREA(FROZEN) - 0.996 LB/SEC-FTZ 

THROAT PRESSURE RATIOIEQUIL.) = 0.4873 
THROAT PRESSURE RATIO(FROZEN1 = 0.4173 

ENTROPY = 8.229E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECULAR WT. 
RATIO EQUI L. FROZEN EQUIL. FROZEh ECLIL. FROZEN 

CHAMBER 100000. 100000. 1.6576 06 1.657E 06 O-504( 0.5040 
THROAT 75022. 75013. 1.4llE 06 1.4llE 06 0.5041 0.5040 

l.OOOE-C 1 40226. 398 16. 1.063E 06 1.064E C6 0.5055 0.5040 
l.OOOE-CZ 24616. 15851. 7.979E 05 8.274E C5 0.5494 0.5040 
l.OOOE-C3 19768. 6311. 6.245E 05 7.3336 05 0.6131 0.5040 
l.ooOE-04 16725. 2512. 4.956E 05 6.9596 C5 0.678i 0.5040 
5.0OOE-C5 15990. 1904. 4.628E 05 6.899E C5 0.697i 0.5040 
l.OOOE-C5 14503. 1000. 3.952E 05 6.810E 05 0.7427 0.5040 
5.000E-C6 13939. 758. 3.69lE 05 6.786E 05 0.762C 0.5040 
l.OOOE-06 12764. 398. 3.147E 05 6.75lE C5 0.8C63 0.504c 
5.000E-C7 12 305. 2.935E 05 0.8251 
l.OOOE-G7 11326. 2.489E 05 0.8684 

PRt SSLPE DENS1 TY-LB/FT3 
RATIO EQUI L. FROZEN 

CHAMBER 1.3816-05 1.381E-05 
THRflAT B.970E-06 8.970E-06 

l.OOOE-01 3.443E-06 3.468E-06 
l.OOOE-C2 6.115E-07 8.712E-07 
l.OOOE-C3 8.500E-08 2.18BE-07 
l. OOOE-04 l.lllE-08 5.4976-08 
5.000E-C5 5.977E-09 3.626E-08 
l.OOOE-C5 1.403E-09 1.38lE-08 
cj.OOOE-C6 7.488E-10 9.109E-09 
l.OOOE-C6 1.73lE-10 3.468E-09 
5.000E-07 9.186E-1L 
l.OOOE-07 Z.lOlE-11 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC \rAC I SP-SEC 
RATIC EQUIL. FROZEN EQUIL. FROZEN EEUIL. FROZEN 

THROAT l.OOCE 00 l.OOOE 00 3451.3 3451.3 5521.6 5521.5 
l.OOOE-Cl 1.67SE 00 1.667E 00 5358.2 5356.3 6071.2 6064.3 
l.OOOE-CZ 7.855E 00 5.61lE 00 6445.1 6333.4 6778.8 6571.8 
l.OOOE-03 5.155E 01 2.117E 01 7065.6 6682.8 72e4.6 6772.7 
1 .OOOE-C4 3.718E 02 8.263E 01 7493.8 6816.9 7651.8 6852.0 
5. OOOE-C 5 6.816E 02 1.248E 02 7598.8 6838.1 7743.6 6864.7 
l.OOOE-C5 2.825E 03 3.264E 02 7811.1 6869.6 7931.1 6883.4 
5.000E-06 5.239E 03 4.942E 02 7891.3 6878.0 80C2.6 6EtSe.5 
l.OOOE-C6 2.220E 04 1.296E 03 8056.3 6890.4 8150.7 6895.9 
5.000E-07 4.151E 04 8119.6 82C7.8 
l.OOOE-07 1.786E 05 8251.4 8327.3 

VELOC ITY-FT/SEC 
EQUIL. FROZ Eh 

111043. 111043. 
172396. 172333. 
207364. 203772. 
227329. 215012. 
241107. 219327. 
244482. 220010. 
251314. 221022. 
253894. 221292. 
259204. 221692. 
261240. 
265480. 

CACH NUMBER 
ECUIL. FROZEN 

l-COO l.OOC 
2.124 2.13C 
3.781 3.992 
5.246 6.675 
6.488 10.792 
6.848 12.435 
7.673 17.236 
8.C26 19.823 
8.843 27.400 
9.195 

10.020 
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TABLE 35 

PERFCRMANCE PARAMETERS FOR kYDROGEN AT A STAGNATICN PRESSURE OF 
2. ATP AND A STAGNATICN TEMPERATURE OF 15CCOO. CEG R 

THKOAT FLCW PARAMETERTEQUIL.1 = 157.50 LB-SQRTTCEG RI/SEC-FTZ-ATM 
TIIROAT FLOW PARAMETERT FROZEN1 - 157.50 LB-SaRT(CEG RI/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREPTEQUIL.) = 0.813 LB/SEC-FTf 
MAX WT FLOW PER UNIT AREA(FROZEN1 = 0.813 LB/SEC-FTi 

THROAT PRESSURE AATIO(EQUIL.l = 0.4873 
THROAT PRESSURE PATIOTFROZENI = 0.4873 

ENTROPY = 8.628E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R 
RATIO EPUIL. FROZEN 

CHAMBER 150000. 150000. 
THROAT 112513. 112513. 

l.OOOE-01 59733. 59719. 
1.000E-C2 27090. 23776, 
l.OOOE-C3 20493. 9466. 
l.OOOE-04 17159. 3769. 
5.000E-C5 16384. 2856. 
1.00OE-C5 14838. 1502. 
5.000E-C6 14258. 1137. 
l.OOOE-C6 13063. 597. 
5.000E-C7 12602. 453. 
1.00OE-C7 11630. 

PRtSSURE 
RATIO 

CHAMBER 
THROAT 

l.O00E-Cl 
l.OOOE-C2 
1.000E-C3 
l.OOOE-C4 
5.000E-C5 
l.O00E-C5 
S.OOOE-C6 
l.OOOE-C6 
S.OOOE-07 
l.OOOE-07 

PRESSURE 
RATIO 

THROAT 
l.OOOE-Cl 
1,00OE-C2 
L.OOOE-03 
l.OOOE-C4 
5.000E-C5 
l.O00E-C5 
5.000E-06 
l.OOOt-C6 
5.000E-07 
l.OOOE-07 

DENSITY-LB/FT3 
EQUIL. FROZEN 

9.206E-06 9.206E-06 
5.9BOE-06 5.980E-06 
2.312E-06 2.312E-06 
5.236E-07 5.808E-07 
7.688E-08 1.459E-07 
l.O16E-08 3.664E-08 
5,47BE-09 2.417E-08 
1.289E-09 9.202E-09 
6.886E-10 6.0.71E-09 
1.593E-10 2.311E-09 
8.452E-11 1.525E-09 
1.931E-11 

NOZZLE AREA RATIO 
EQUIL. FKOZEN 

l.OOCE 00 l.OOOE 00 
1.667E 00 1.667E 00 
6.211E 00 5.61lE OC 
3.934E 01 2.117E 01 
2.839E 02 8.264E 01 
5.21OE 02 1.249f 02 
2.165E 03 3.265E 02 
4.020E 03 4.943E 02 
1.709E 04 1.2966 03 
3.200E 04 1.964E 03 
1.363E 05 

ENTHALPY-BTU/LB 
EaUIL. FROZEN 

2.150E 06 2.15OE 06 
1.780E 06 1.780E 06 
1.260E 06 1.260E C6 
9.005E 05 9.0556 05 
7,049E 05 7.645E 05 
5.633E 05 7.083E 05 
5.275E 05 6.993E C5 
4.538E 05 6.860E c5 
4.255E 05 6.B24E 05 
3.663E 05 6.771E 05 
3.433E 05 6.756E C5 
2.948E 05 

MCLEC 1LAR WT. 
ECLIL. FROZEN 
0.504c 0.5040 
0.504c c.5040 
0.5041 0.5040 
0.5177 0.5040 
0.575c o-.5040 
0.6366 0.5040 
0.655; 0.5040 
0.698: 0.5040 
0.716' c-5040 
0.759' 0.5040 
0.777f 0.5040 
0.819‘ 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

T’ACH NUMBER 
ECUIL. FROZEN 

136007. 136007. 1 .cco 1.000 
211068. 211067. 2.130 2.13c 
250082. 249572. 3.873 3.992 
268941. 263339. 5.781 6.675 
281814. 268625. 7.215 10.792 
284972. 269462. 7.612 12.435 
291375. 270700. 8.510 17.'235 
293797, 271031. 8.891 19.821 
298795. 271522. 9.768 27.397 
300716. 271654. 10.145 31.485 
304727. 11.021 

IDEAL ISP-SEC 
EaUIL. FROZEN 
4227.2 4227.2 
6560.2 6560.2 
7772.8 7756.9 
8359.0 8184.9 
8759.1 8349.1 
0857.2 8375.1 
9056.2 8413.6 
9131.5 8423-S 
9286.9 6439.2 
9346.5 8443.3 
9471.2 

LAC ISP-SEC 
ECUIL. FROZEN 

6762.6 6762.6 
7427.4 7427.3 
8056,O 8048.9 
8563.6 8295.0 
89Ct.8 8392.1 
89S2.8 8407.6 
91ea.9 8430.6 
9236.1 8436.8 
9375.8 8445.9 
9429.8 8448.4 
9543.1 
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TABLE 36 

PERFCKMANCE PARAMETERS FOR I-YDROGEN AT A STAGNATICN PRESSURE OF 
2. ATM AND A STAGNATICN TEMPERATURE OF ZCCCOO. CEG F 

THROAT FLCW PPRAHETERTECUI’.L = 157.50 LB-SaRT(CEC RI/SEC-FTt-ATM 
THROAT FLOW PARAMETERTFRCIZEYL = 157.50 LB-SQRTTCEG RI/SEC-FTZ-ATT’ 

PAX WT FLOW PER UNIT AREA(EaUIL.1 = 0.704 LB/SEC-FT2 
PAX WT FLOW PER UNIT AREATFROZEN) = 0.704 LB/SEC-FT2 

THROAT PRESSURE RATIO(EaUIL.1 = 0.4873 
THROAT PRESSURE RATIOTFROZENL = 0.4873 

ENTROPY = 8.912E 01 BTU/LB-DEG R 

PRESSURE 
RATIO 

CHAMBER 
THROAT 

l.O00E-01 
l.OOOE-C2 
L.OUOE-C3 
L.OOOE-C4 
5.0OOE-C5 
l.OOOE-C5 
~,.OOOE-C6 
L.O00E-C6 
5.000E-07 
1.000E-07 

PRESSURE 
RATIO 

CHAMBER 
THKOA T 

l.OOOE-0 1 
l.OOOF-c2 
l..OOOE-03 
l.O00f-C4 
5.00OE-C5 
l.OOOE-C5 
5.000E-C6 
L.OOOE-Cb 
5.000E-c7 
L.OOOE-C7 

PRESSURE 
RATIO 

THKCJAT 
L.OOOE-Cl 
l.OOOE-02 
L.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-05 
5,00OE-C6 
l.OOOE-C6 
Lj.OOOE-C7 
l.OOOE-07 

TEMPERATURE-DEG R 
EQUIL. FROZEN 

200000. 200000. 
150016. 150016. 

79625. 79623. 
32 154. 31700. 
21158. 12621. 
174B5. 5025. 
16670. 3808. 
15067. 2000. 
14472. 1516. 
13254. 796. 
12787. 604. 
11809. 317. 

DENSITY- ,LB/FT3 
EQUIL. FROZEN 

6.904E-06 6.904E-06 
4.485E-06 4.485f-06 
1.734E-06 1.734E-06 
4.309E-07 4.356E-07 
7.130E-08 l.O94E-07 
9.554E-09 2.748E-08 
5.158E-09 1.813E-08 
1.217E-09 6.903E-09 
6.50bE-10 4.554E-09 
1.506E-10 1.734E-09 
7.996E-11 l.l44E-09 
1.826E-11 4.355E-10 

NOZZLE AREA RATIO 
EQUII.. FROZEN 

L.OOOE 00 l.OOOE 00 
1.667E 00 1.667E 00 
5.672E 00 5.6lLE 00 
3.2216 01 2.117E 01 
2.313E 02 8.263E 01 
4.244E 02 1.249E 02 
1.765E 03 3.265E 02 
3.280E 03 4.942E 02 
L.397E 04 1.296E 03 
2.617E 04 1.963E 03 
1.133E 05 5.153E 03 

ENTHALPY-BTU/LB 
EaUIL. FROZEN 

2.643E 06 2.643E 06 
2.150E 06 2.150E 06 
1.456E 06 1.456E 06 
9.832E 05 9.837E 05 
7.639E 05 7.956E 05 
6.124E 05 7.207E C5 
5.744E 05 7.087E 05 
4.962E 05 6.909E C5 
4.662E 05 6.861E 05 
4.037E 05 6.791E 05 
3.793E 05 6.772E C5 
3.2BLE 05 6.743E C5 

HCLECLLAR WT. 
ECUIL. FROZEN 
0.504c 0.5040 
0.504c 0.5040 
0.504c 0.5040 
0.5057 0.5040 
0.550t 0.5040 
o.cc97 0.5040 
0.627-i 0.5040 
0.6694 0.5040 
0.6873 0.5040 
0.7287 0.5040 
C.7464 0.5040 
0.7871 0.5040 

VELOC ITY-FT/SEC 
EQUIL. FROZEh 

CACH NLMBER 
ECUIL. FROZEN 

157049. 157048. 1 .cco L.OOC 
243719. 243720. 2.130 2.13C 
288219. 288180. 3.972 3.992 
306673. 304077. 6.151 6.676 
318800. 310179. 7.863 10.792 
321770. 311145. 8.304 12.435 
327795. 312575. 9.282 17.236 
330077. 312957. 9.t93 19.823 
334789. 313524. 10.634 27.399 
336602. 313676. 11.036 31.488 
340393. 313901. 11.969 43.475 

IDEAL ISP-SEC 
EQUIL. FROZEh 
4881.2 4881.2 
7575.0 7575.1 
8958.1 8956.9 
9531.7 945l.C 
9908.6 9640.7 

10000.9 9670.7 
10188.2 9715.2 
10259.1 9727-C 
10405.6 9744.6 
10461.9 9749.4 
10579.8 9756.4 

bAC ISP-SEC 
ECUIL. FROZEN 

78C8.8 7808.8 
8576.3 8576.3 
9258.9 9294.1 
9725.3 9578.2 

10047.6 9690.3 
LOL2e.4 9708.2 
10254.3 9734.8 
10357.6 9741.9 
10489.5 9752.4 
1054c.5 9755.3 
10647.8 9759.5 
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TABLE 37 

PERFCRCANCE PARAMETERS FOR FYDROGEN AT A STAGNATICN PRESSURE OF 
5. ATM AND A STAGNATICN TEMPERATURE OF 5CO0. CEG P 

THROAT FLCW PARAHETERTEQUIL.) = 280.38 LB-SQRTTCEG RI/SEC-FTZ-ATM 
THROAT FLOW PARAMETER(FROZEN) = 287.47 LB-SPRTTCEG RI /SEC-FT2-ATM 

f’AX WT FLOW PER UNIT AREP(EaUIL.1 = 19.826 LB/SEC-FT2 
MAX WT FLOW PER UNIT AREAtFROZENT = 20.327 LB/SEC-FT2 

THROAT PRESSURE RATIOTEaUIL.l = 0.5587 
THROAT PRESSURE RATIOTFROZEN) = 0.5438 

ENTROPY = 2.248E 01 BTU/LB-DEG R 

PRt SSURE 
RATIO 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 

PRESSURE 
RATIO 

CHAMBER 
THKOAT 

L.OOOE-Cl 
1 .OOOE-C2 
l.OUOE-C3 
l.OOOE-04 

TEMPERATURE-DEG R 
EQUIL. FROZEN 

5coo. 5000. 
4547. 4336. 
3153. 2855. 
1718. 1516. 

898. 739. 
464. 334. 

ENTHALPY-BTU/LB MCLECCLAR WT. 
E4UI L. FROZEh ECUIL. FROZEN 

2.064E 04 2.064E 04 1.9826 1.9826 
1.787E 04 1.780E 04 1.9992. 1.9826 
1.132E 04 1.176E C4 2.0157 1.9826 
5.929E 03 6.847E C3 2.016C 1.9826 
3.056E 03 4.334E 03 2 .C16C l-.9826 
1.561E 03 3.150E 03 2 .C16C 1.9826 

DENS1 TY- .LB/FT3 VELOCITY-FT/SEC MACH NUMBER 
EQUIL. FROZEN EQUIL. FROZEN ECLIL. FROZEN 

2.716E-03 2.716E-03 
1.68 ZE-03 1.703E-03 11785. 11937. l-COO l.OOC 
4.3796-04 4.756E-04 21598. 21084. 2.127 2.147 
8.037E-05 8.956E-05 27141. 26280. 3 -546 3.583 
1.537E--05 1.837E-05 29672. 28574. 5.333 5.432 
2.973E-06 4.063E-06 30907. 29593. 7.699 8.192 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC VAC ISP-SEC 
RATIC EPUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

THROAT l.OOCE 00 l.OOOE 00 366.3 371-c 664.4 654.1 
l.OOOE-CL 2.096E 00 2.027E DO 671.3 655.3 783.2 760.8 
l.OOOE-C2 9.069E 00 8.636E 00 843.6 816.8 892.1 861-A 
l.OOOE-C3 4.347E 01 3.873E 01 922.2 888.1 945.4 908.3 
l.OOOE-C4 2.158E 02 1.690E 02 960.6 919.8 972.1 928.6 

44 



r 

TABLE 38 

PERFCRHANCE PARAMETERS FOR hYDROGEN AT A STAGNATICN PRESSUFE OF 
5. ATM AND A STAGNATICN TEMPERATURE OF 6CC0. CEG R 

THROAT FLCW PARAMETERTEQUIL.) = 266.71 LB-SaRTfCEG RI/SEC-FTZ-ATM 
THROAT FLCW PARAMETERIFROZEN) = 278.71 LB-SQRTTCEG RI/SEC-fT2-ATM 

MAX wl FLOW PER UNIT AREATEQUIL.) = 17.216 LB/SEC-FTi 
)rAX WT FLOW PER UNIT AREAtFROZENI = 17.991 LB/SEC-FTZ 

1HROAT PRESSURE RATIOTEQUIL.) = 0.5719 
THROAT PRESSURE PATIOLFROZELL = 0.5415 

ENTROPY = 2.454E 01 BTU/LB-DEG R 

PRE SSLWE 
RATIO 

CHACBEP 
THROAT 

l.OOOE-Cl 
I. OOOE-C 2 
l.OOOE-C3 
L.OOOE-C4 
4.000E-G5 
l.O00E-C5 

PRESSURE 
RATIO 

CHAMBER 
THROAT 

l.OOOE-Cl 
1.OOOE-c2 
l.OOOE-C3 
l.OOOE-C4 
4.000E-C5 
L.OoOE-C5 

PRESSURE 
RATIO 

THKOAT 
l.OOOE-CL 
l.OUOE-C2 
l.OOOE-C3 
L.OOOE-C4 
4.000E-C5 
L.OoOE-c5 

TEMPERATURE-DEG R 
EQUIL. FROZEN 

6000. 6000. 
5645. 5179. 
4595. 3383. 
2987. 1783. 
1619. 866. 

846. 390. 
651. 
437. 

DENSITY-LB/FT3 
EQUI L. FROZEN 

2.115E-03 2.1 L5E-03 
1.309E-03 1.328E-03 
2.94OE-04 3.75LE-04 
4.621E-05 7.117E-05 
8.526E-06 1.465E-05 
1.633E-06 3.250E-06 
8.485E-07 
3.162E-07 

NOZZLE AREA RATIO 
E4UI L. FROZEN 

L.OOOE 00 l.OOOE 00 
2.327E 00 2.014E 00 
1.13BE 01 8.53LE 00 
5.544E 01 3.815E 01 
2.757E 02 1.661f 02 
5.247E 02 
1.391E 03 

ENTHALPY-BTU/LB 
EQUIL. FROZEh 

3.207E 04 3.207E C4 
2.862E 04 2.841E 04 
1.942E 04 2.074E 04 
1.068E 04 1.453E C4 
5.579E 03 1.137E 04 
2.873E 03 9.892E 03 
2.201E 03 
1.467E 03 

MCLECLLAR WT. 
ECUIL. FRCZEN 
1.8527 1.8527 
1.8856 1.8527 
1.9722 1.8527 
2.015t 1.8527 
2.C16C 1.8527 
2.ClbC 1.8527 
2.C16C 
2.016C 

VELOC ITY-FT/SEC CACH NUMBER 
EQUIL. FROZEN ECLIL. FROZEN 

13157. 13550. 1 .coo l.OOC 
25165. 23818. 2.152 2.148 
32726. 29633. 3.309 3.596 
36419. 32190. 4.896 5.460 
38234. 33323. 7.082 8.242 
38671. 8.153 
39143. 10.C52 

I DEAL I SP-SEC \AC ISP-SEC 
EOUIL. FROtEh ECUIL. FROZEN 

408.9 421.2 7tc.4 739.8 
782.1 740.3 925.2 858.7 

1017.2 921-C 1oe7.1 971.2 
1131.9 1000.5 11C6.0 1022.9 
1188.3 1035.7 12C5.3 1045.5 
1201.9 1214.8 
1216.6 1225.2 
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TABLE 39 

PERFCRHANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
5. ATM AND A STAGNATICN TEMPERATURE OF 7CCO. CEG P 

THROAT FLOW PARAHETERLEQUIL.) = 246.00 LB-SQRTLCEG RI/SEC-FTE-ATM 
THROAT FLOW PARAHETERLFROZEN) = 260.85 LB-SQRTLCEG RJ/SEC-FT2-ATM 

PAX MT FLOW PER UNIT AREA(EQUIL.1 = 14.701 LB/SEC-FTI 
MAX WT FLOW PER UNIT AREAtFROZEN) = 15.589 LB/SEC-FTi 

THROAT PRESSURE RATIO(EQUIL.1 = 0.5727 
THROAT PRESSURE RATIOLFROZEN) = 0.5319 

ENTROPY = 2.B13E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECCLAR WT. 
RATIG EQUIL. FROZEN EQUIL. FROZEN ECOIL. FROZEN 

CHAMBER 7000. 7000. 5.553E 04 5.553E C4 1.5755 1.5759 
THROAT 6627. 5898. 5.080E 04 5.04lE 04 1.6141 1.5759 

l.OOOE-Cl 5652. 3677. 3.8lOE 04 4.048E 04 1.7295 1.5759 
l.OOOE-C2 4 t40. 1814. 2.505E 04 3.278E C4 1.8704 1.5759 
l.OOOE-C3 3701. B33. 1.513E 04 2.910E 04 1.983C 1.5759 
l.OOOE-C4 2331. 361. 8.156E 03 2.745E 04 2.016C 1.5759 
4.000E-C5 1819. 6.290E 03 2.G16C 
l.OOOE-C5 1235. 4.228E 03 2.016~ 
4.000E-C6 953. 3.245E 03 2.ClbC 
l.OOOE-C6 642. 2.169E 03 L.Cl6C 
4.0oOE-0 7 493. 1.659E 03 2.C16C 

PRESSURE DENSITY-LB/FT3 
RATIO EQUIL. FROZEN 

CHAMBER 1.542E-03 1.542E-03 
THROAT 9.554E-04 9.735E-04 

1. OOOE-C 1 2.0966-04 2.936E-04 
l.OOOE-C2 2.761E-05 5.949E-05 
l.OOOE-C3 3.670E-06 1.295E-05 
l.OOOE-C4 5.925E-07 2.990E-06 
4.000E-C5 3.036E-07 
l.OOOE-C5 l.l18E-07 
4.000E-C6 5.79hE-08 
l.OOOE-C6 2.152E-08 
4.000E-07 l.l20E-08 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC PAC ISP-SEC 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

THKOA T l.OOOE 00 l.OOOE 00 478.3 497.7 890.4 858.7 
1. OOOE-C 1 2.374E 00 1.934E 00 918.2 853.2 1089.1 984.5 
l.OOOE-C2 1.363E 01 7.764E 00 1214.1 1049.c 1312.2 1101.6 
l.OOOE-03 8.907E 01 3.309E 01 1397.8 1130.7 1461.9 1153.1 
l.OOOE-C4 5.095E 02 1.390E 02 1513.6 1165.3 1550.3 1174.8 
4. OOOE-C 5 9.753E 02 1.543-l 1571.2 
1 .OOOE-C5 2.595E 03 1575.1 1553.8 
4.000E-06 4.957E 03 1590.1 16C4.4 
l.OOOE-C6 1.322E 04 1606.4 16 15.9 
4.000E-C7 2.527E 04 1614.1 1621.3 

VELOC ITY-FT/SEC 
EQUIL. FROZEh 

MACH NUMBER 
ECUIL. FROZEN 

15388. 16013. l.COO l.COC 
29543. 27450. 2.169 2.145 
39064. 33749. 3.305 3.672 
44974. 36378. 4.325 5.710 
48699. 37493. 5.510 8.798 
49649. 6.310 
50678. 7.780 
51161. 8.931 
51685. 10.974 
51931. 12.559 
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TABLE 40 

PERFCRPANCE PARAMETERS FOR I-YOROGEN AT C STAGNATICN PRESSURE OF 
5. ATP AN0 A STAGNATICN TEMPERATURE OF ncco. CEG P 

THROAT FLCW PPRAMETERJECUIL.) = 223.08 LB-SQRT( CEG R) /‘EC-FTZ-ATM 
THROAT FLCW PPRAMETERtFROLENJ = 240.85 LB-SQRTJCEG RI/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREAlEQUIL.1 = 12.471 LB/SEC-FTi 
CAX WT FLOW PER UNIT AREPJFROZEN) = 13.464 LB/SEC-FTi 

THROAT PRESSURE RATIOtEQUIL.) = 0.5692 
THROAT PRESSURE RATIOJFROZEN) = 0.5142 

ENTROPY = 3.273E 01 BTU/LB-DEG R 

PRESSURE 
RATJC 

CHAMBER 
THROAT 

L.OOOE-Cl 
i.OOOE-CZ 
l.O00E-C3 
l.OOOE-C4 
4.000E-C5 
l.OOOE-C5 
4.000E-C6 
l.OOOE-C6 
4.000E-07 
l.OOOE-C7 

PRF SSURE 
RAT10 

CHAMBER 
THRUA T 

l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
4.000E-C5 
1.000E-C5 
4.000E-C6 
l.OOOE-C6 
4.OOOE-C7 
1 .OOOE-07 

PRESSURE 
RATIO 

THAOAT 
l. OOOE-0 1 
l.OOOE-C2 
1,00OE-C3 
l.OoOE-C4 
4.000E-C5 
l.OOOE-C5 
4.000E-C6 
l.OOOE-06 
4.000E-07 
l.OOOE-07 

TEMPERATURE-DEG R 
EQbIL. FROZEN 

BCOO. 0000. 
7523. 6448. 
6372. 3736. 
5301. 1666. 
4513. 710. 
3880. 293. 
3649. 
3293. 
3C18. 
2364. 
lBS3. 
1758. 

DENSITY-LB/FT3 
EQUIL. FROZEN 

l.O92E-03 l.O92E-03 
6.804E-04 6.969E-04 
1.532E-04 2.339E-04 
2.029E-05 5.245E-05 
2.593E-06 1.231E-05 
3.245E-07 2.9fJlE-06 
1.416E-07 
4.063E-08 
1.806E-08 
5.835E-09 
2.98 lE-09 
l.O97E-09 

N07ZLE AREA RATIO 
E41rJL. FROZEN 

l.OOCE 00 l.OOOE 00 
2.33SE 00 1.812E 00 
1.34lE 01 6.693E 00 
9.114E 01 2.6746 01 
6.664E 02 1.077E 02 
1.486E 03 
5.006E 03 
1.105E 04 
3.338E 04 
6.464E 04 
1.734E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

9.006E 04 9.006E 04 
8.335E 04 8.260E 04 
6.587E 04 6.991E 04 
4.811E 04 6.068E c4 
3.444E 04 5.6646 C4 
2.363~ 04 5.495E C4 
1.9956 04 
1.497E 04 
1.205E 04 
8.308E 03 
6.409E 03 
4.308E 03 

MCLEClLAR UT. 
ECUIL. FROZEN 
1.275B 1.2758 
1.312t 1.2758 
1.4257 1.2758 
1.57cI; 1.2758 
1 .?C87 1.2758 
1.83BC 1.2758 
1 .a866 
1.9531 
1 .S89E 
2.6154 
2.016C 
2.016C 

VELOCITY-FT/SEC 
EQUIL. FROZEh; 

CACH NUHBER 
ECLIL. FROZEN 

18329. 19321. 1 .cco l.OCC 
34798. 31763. 2.176 2.138 
45827. 38353. 3.333 3.804 
52765. 40900. 4.366 6.13C 
57667. 41924. 5.355 cI.7cc 
59243. 5.745 
61312. 6.335 
62492. 6.712 
63973. 7.251 
64711. 8.155 
65519. 9.566 

IDEAL JSP-SEC 
EQuIL. FROZEN 

569.7 600.5 
1081.5 987.2 
1424.4 1192.1 
1640.0 1271.2 
1792.3 1303. c 
1841.3 
1905.6 
1942.3 
1988.3 
2011.3 
2036.4 

bAC 1 SP-SEC 
EC&IL. FROZEN 

1052.6 lCO4.6 
1279.9 1129.6 
1538.1 1244.6 
1717.3 1292.2 
1848.9 1311.5 
18S1.8 
1948.1 
1979.8 
2016.7 
2033.2 
2051.1 
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TABLE 41 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
5. ATP’ AND A STAGNATION TEMPERATURE OF SCCO. CEG P 

THROAT FLCW PARAMETERTEQU1L.J = 210.83 LB-SQRTJCEG RJ/SEC-FT2-AT!’ 
THROAT FLOW PCRAMETERLFROZENJ = 229.40 LB-SQRTJCEE RI/SEC-FTZ-ATM 

PAX MT FLOW PER UNIT AREA1EQUIL.J = 11.112 LB/SEC-FTZ 
PAX wT FLOW PER UNJT AREAt FROZEN) = 12.09C LB/SEC-f TE 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB HCLECLLAR WT. 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER 9000. 9000. 1.187E OS 1.187E 05 1.107C 1.1078 
THROAT 8305. 6976. l.lOOE 05 1.088E 05 1.1413 1.1078 

l.OOOE-C 1 6850. 3838. 8.826E 04 9.363E 04 1.246C 1.1078 
1 .OOOE-C2 5632. 1599. 6.664E 04 8.304E 04 1.3837 1.1078 
l.OOOE-C3 4795. 653. S.024E 04 7.868E 04 1.5172 1..1078 
l.OOOE-04 4164. 263. 3.730E 04 7.690E 04 1.646C 1.1078 
4. OOOE-C 5 3950. 3.288E 04 1.695E 
l.OUOE-C5 3655. 2.683E 04 1.769: 
4.000E-C6 3474. 2.321E 04 1.816: 
l.OOOE-C6 3211. 1.824E 04 1.@851 
4.000E-C7 3036. 1.526E 04 1.927t? 
l.OOOE-C7 2735. 1.118E 04 1.985C 

PRESSURE OENSJ TY-LB/FT3 
RATIO EQUIL. FROZEN 

CHAMBER 8,43lE-04 B.431E-04 
THROAT 5.324E-04 5.431E-04 

l.OOOE-0 1 1.246E-04 1.977E-04 
1 .OOOE-C2 1.6836-05 4.745E-05 
1. OOOE-C 3 2.167E-06 l.l62E-05 
l.OOOE-C4 2.708E-07 2.881E-06 
4.000E-C5 l.l76E-07 
l.OOOE-C5 3.315E-08 
4.000E-C6 1.433E-08 
l.OOOE-06 4.02 lE-09 
4.000E-07 1.740E-09 
l.OOGE-C7 4.970E-10 

PRE SSUPE NOZZLE AREA RATIO IDEAL ISP-SEC bAC J SP-SEC 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

THROAT l.OOOE 00 l.OoOE 00 648.6 691.5 11e7.3 1128.9 
l.OOOE-01 2.285E 00 1.726E 00 1213.2 1100.9 143c.7 1252.0 
l.OOOE-C2 1.294E 01 6.032E 00 1586.5 1312.9 17c9.7 1365.7 
l.OOOE-03 8.7586 01 2.325E 01 1819.4 1391.1 19C2.8 1411.4 
l.OOOE-C4 6.429E 02 9.176E 01 1983.9 1421.5 2045.1 1429.6 
4.OC’OE-C5 1.441E 03 2037.1 2052.0 
l.OOOE-C5 4.943E 03 2107.6 2154.7 
4.000E-Cb 1.122E 04 2148.7 2191.5 
I .OOOE-C6 3.8g7E 04 2204.0 2241. I 
4.000E-C7 B.B77E 04 2236.5 221C.3 
l.OOOE-C7 3.047E 05 2280.1 23CS. 1 

THROAT PRESSURE PATIO(EQU1L.J = 0.5657 
THROAT PRESSURE RATIOIFROZENJ = 0.4993 

ENTROPY = 3.612E 01 BTU/LB-DEG R 

VELOC ITY-FT/SEC 
EOUIL. FROZEN 

20870. 22263. 
39032. 35420. 
51045. 4224 1. 
58539. 44756. 
63831. 45737. 
65541. 
67810. 
69134. 
70912. 
71958. 
73360. 

MACH NUMBER 
ECu:L. FROZEN 

l-CC0 l.OOC 
2.189 2.134 
3.372 3.91G 
4 -426 6.445 
5 -425 10.339 
5.815 
6.401 
6.787 
7.375 
7.767 
8.354 
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TABLE 42 

PERFCRMANCE PARAMETERS FOR hYOROGEN AT A STAGNATICN PRESSURE OF 
5. ATM AND A STAGNATICN TEMPERATURE OF lCCC0. CEG A 

THROAT FLCW PARAMETERTECUIL.) = 208.91 LB-SQRTICEG Rl/SEC-FTZ-ATM 
THROAT FLOW PARAHETERIFROZEN) = 225.16 LB-SQRTtCEG Rl/SEC-FT2-ATT’ 

PAX WT FLOW PER UNIT AREATEQU1L.I = 10.44t LB/SEC-FT i 
MAX wT FLOW PER UNIT AREA(FROZENl = 11.258 LB/SEC-FT 2 

THROAT PRESSURE RATl0IEQUlL.l = 0.5642 
THROAT PRESSURE PATIOIFROZEN) = 0.4922 

ENTROPY = 3.778E 01 BTU/LB-DEG R 

PRESSURE 
RATIO 

CHAMBER 
THROAT 

l.OOOE-01 
1 .OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
4.000E-C5 
l.OOOE-C5 
4.000E-G6 
l.OOOE-C6 
4.000E-07 
l.OOOE-C7 

PRESSURE 
RATIO 

CHAMBER 
1HROAT 

l.OOOE-01 
L.OOOE-C2 
l.OOOE-C3 
1 .OOOE-C.4 
4.000E-05 
l.OOOE-C5 
4.000E-C6 
1 .OOOE-C6 
4.000E-07 
l. OOOE-C7 

PRESSURE 
RATIO 

THHOA T 
l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-03 
1.000E-04 
4.000E-c5 
1 .OOOE-C5 
4.000E-C6 
l.OOOE-C6 
4.000E-07 
l.OOOE-07 

TEMPERATURE-DEG R 
EQUIL. FROZEN 
10~00. 10000. 

8945. 7604. 
7127. 4094. 
5788. 1660. 
4910. 667. 
4265. 267. 
4050. 
3757. 
3581. 
3333. 
3178. 
2948. 

DENS1 TV-LB/FT3 
EQUIL. FROZEN 

7.159E-04 7.159E-04 
4.636E-04 4.634E-04 
l.l25E-04 1.749E-04 
1.543E-05 4.3146-05 
2. GOOE-06 1.073E-05 
2.505E-07 2.682E-06 
l.O88E-07 
3.066E-08 
1.323E-08 
3.696E-09 
1.589E-09 
4.433E-10 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOOE 00 l.OOOE 00 
2.233E 00 1.690E 00 
1.254E 01 5.776E 00 
8.463E 01 2.19-/E 01 
6.209E 02 8.6l2E 01 
1.393E 03 
4.782E 03 
i.OBlE 04 
3.796E 04 
8.703E 04 
3.060~ 05 

ENTHALPY-BTU/LB 
EOUIL. FROZEN 

1.344E 05 1.344E 05 
1.243E 05 1.226E 05 
9.989E 04 1.054E 05 
7.615E 04 9.363E C4 
5.832E 04 8.886E 04 
4.432E 04 8.694E 04 
3.954E 04 
3.3OlE 04 
2.909E 04 
2.370E 04 
2.0446 04 
l.594E 04 

MCLEClLAR WT. 
ECUIL. FROZEN 
1.0453 1.0453 
1 .c73c 1.0453 
1.1705 1.0453 
1.3037 1.0453 
1.433e 1.0453 
1.5595 1.0453 
1.6C9C 
1.681s 
1.729c 
1.7987 
1 .a434 
1.9082 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

MACH NUMBER 
ECUIL. FROZEN 

22533. 24293. 1 “COO A-CCC 
41571. 38083. 2.2C7 2.132 
54004. 45183. 3.410 3.958 
61717. 47752. 4.479 6.582 
67155. 48745. 5.489 10.610 
68913. 5.@82 
71246. 6.471 
72609. 6.858 
74446. 7 “443 
75533. 7.831 
77010. 8.425 

IDEAL ISP-SEC 
EQUIL. FROZEN 

700.4 755.1 
1292.1 1183.6 
1678.5 1404.3 
1918.2 1484.2 
2087.3 1515°C 
2141.9 
2214.4 
2256.8 
2313.9 
2347.6 
2393.5 

VAC ISP-SEC 
ECUIL. FROZEN 

1271.8 1217.6 
1518.3 1342.5 
18CS.5 1458.6 
2OC4.0 1504.8 
2150.1 1523.1 
2198.3 
2262.8 
23CC.0 
2352.3 
23B2.9 
2424.5 
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TABLE 43 

PERFCRT’ANCE FARAHETERS FOR HYDROGEN AT A STAGNATICN PRESSUFE OF 
5. A-FM AND A STAGNATION TEMPERATURE OF 12COO. CEG P 

THROAT FLOW PARAMETER(EQUIL.) = 203.33 LB-SQRT(DEC RI/SEC-FT2-ATM 
THROAT FLCW PARAHETER(FROZEN1 = 212.74 LB-SQRTLCEG RI/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREP(EQUIL.1 = 9.280 -LB/SEC-FTZ 
PAX WT FLOW PER UNIT AREATFROZEN) = 9.71C LB/SEC-FTi 

THROAT PRESSURE RATIO(EPUIL.) = 0.5316 
THROAT PRESSURE RATIO(FROZEN1 = 0.4601 

ENTROPY = 3.923E 01 BTU/LB-DEG R 

PRFSSURE TEMPERATURE-DEG R 
RATIO EQUIL. FROZEN 

CHAMBER 12000. 12000. 
THRDAT 9908. 8820. 

l.OOOE-Cl 7434. 4806. 
l.OOOE-C2 5930. 1920. 
l.OOOE-C3 5006. 766. 
l.OOOE-C4 4343. 305. 
4.0ooE-C5 4125. 
l.OOOE-C5 3830. 
4.000E-C6 3654. 
l.OOOE-Gb 3411. 
4.000E-07 3262. 
l.OOOE-C7 3049. 

PRESSURE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OctOE-C3 
l.OOOE-C4 
4. OOOE-C 5 
l.ODOE-C5 
4.00DE-C6 
l.OOOE-26 
4.OOOE-07 
l.ODOE-07 

PRESSURE 
RATIO 

THKOA T 
l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-03 
l.OUOE-G4 
4.000E-C5 
l.OOOE-C5 
4.000E-C6 
l.OOOE-C6 
4.000E-07 
l.OOOE-07 

DENSITY-LB/FT3 
EQUIL. FROZEN 

5.791E-04 5.791E-04 
3.78 7E-04 3.626E-04 
l.O24E-04 1.446E-04 
1.433E-05 3.619E-05 
1.870E-06 9.0736-06 
2.351E-07 2.277E-06 
l.O22E-07 
2.880E-08 
1.2426-08 
3.466E-09 
1.48BE-09 
4.128E-10 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOOE 00 l.OOOE 00 
2.068E 00 1.625E 00 
1.143E 01 5.457E 00 
7.687E 01 2.059E 01 
5.632E 02 8.040E 01 
1.263E 03 
4.338E 03 
9.872E 03 
3.457E 04 
7.930E 04 
2.804E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEh 

1.487E 05 1.4876 05 
1.367E 05 1.344E 05 
1.104E 05 1.146E 05 
8.459E 04 1.004E 05 
6.547E 04 9.476E C4 
5.053E 04 9.250E 04 
4.544E 04 
3.848E 04 
3.431E 04 
2.856E 04 
2.509E 04 
2.027E 04 

MCLECILAR WT. 
ECUIL. FROZEN 
1.014t 1.0146 
1.0304 1.0146 
l.iile 1.0146 
1.2401 1.0146 
1.3671 1.0146 
1.490t 1.0146 
1.5387 
1.610‘ 
1.6571 
1.7264 
1.7712 
1.8373 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

PACH NUMBER 
ECUIL. FROZEN 

24505. 26783. 1 .cco 1.000 
43806. 41312. 2.210 2.089 
56651. 49162. 3.441 3.93c 
64551. 51966. 4.526 6.574 
70106. 53042. 5.549 lC.627 
71900. 5.946 
74282. 6.539 
75674. 6.928 
77553. 7.515 
78666. 7.903 
80184. 8.492 

IDEAL ISP-SEC 
EQUIL. FROZEN 

761.6 832.4 
1361.5 1284.C 
1760.8 1528.C 
2006.3 1615.1 
2179.0 1648.6 
2234.7 
2308.7 
2352.0 
2410.4 
2445.0 
2492.2 

LAC ISP-SEC 
ECtiIL. FROZEN 

1367.7 1333.8 
1597.3 1461.1 
1891.1 1587.5 
2053.9 1637.6 
2243.2 1657.4 
2292.3 
2358.2 
2357-C 
2449.8 
24e1.2 
2524.2 



TABLE 44 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT 4 STAGNATICN PRESSUFE OF 
5. ATF AND A STAGNATICN TEMPERATURE OF 14COO. CEG R 

THROAT FLCW PARAMETER(EQUIL.) = 218.76 LB-SQRTLCEG RI/SEC-ITZ-ATM 
ThROAT FLOW PCRAMETERtFROZEN) = 213.85 LB-SORTLCEG RI/SEC-FT2-ATM 

PAX 
PAX 

PRt SSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECLLAR WT. 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMUER 14roo. 14000. 1.594E 05 1.594E C5 l.ClOl 1.0101 
THKOAT 11259. 10304. 1.45LE 05 1.426E 05 l-Cl44 1.0101 

l.OOOE-01 7672. 5587. 1.166E 05 1.193E 05 1.0811 1.0101 
l.OOOE-C2 6018. 2227. 8.955E 04 1.028E 05 1.2061 l.OLOl 
l.OOOE-C3 5061. 887. 6.964E 04 9.619E 04 1.3310 l..OlCl 
l.OOOE-04 4386. 353. 5.414E 04 9.356E C4 i.452e 1.0101 
4.000E-C5 4165. 4.887E 04 1.5005 
l.OOOE-C5 3868. 4.167E 04 1.5712 
4.000E-C6 3692. 3.736E 04 1.6175 
l.OOOE-06 3449. 3.140E 04 1.6862 
4.000E-07 3301. 2.781E 04 L .7309 
l.OOOE-C7 3093. 2.2BlE 04 1.797c 

PRESSUHE DENS1 TY-LB/FT3 
RATIO EQUIL. FROZEN 

CHAMBER 4.942E-04 4.942E-04 
.I HKOAT 3.449E-04 3.1 LOE-04 

l.OOOE-01 9.652E-05 1.23BE-04 
I .000E-02 1.3736-05 3.107E-05 
1 .OOOE-C3 L.BOlE-06 7.79BE-06 
l.OOOE-C4 2.269E-07 1.958E-06 
4.000E-C5 9,869E-08 
l.OOOE-05 2.7826-08 
4.000E-06 1.200E-08 
l.OOOE-06 3.349E-09 
4.000E-07 1.436E-09 
l.OOOE-07 3.980E-10 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC \rAC 1 SP-SEC 
RATIO EOUXL. FROZEN EQUIL. FROZEN ECUTL. FROZEN 

THKUAT l.OOCE 00 l.OOOE 00 833.1 903.1 1472.7 1445.4 
l.OOOE-Cl 2.069E 00 1.629E 00 1439.0 1392.7 1675.7 1583.4 
I .OOOE-C2 1.13BE 01 5.462E 00 1838.6 1655.3 1968.9 1719.2 
l.OOOE-03 7.654E 01 2.059E 01 2084.0 1749.0 2171.6 1773.1 
l .OOOE-04 5.6126 02 B.037E 01 2256.6 1784.9 2320.8 1794.3 
Li.OOOE-C5 1.259E 03 2312.4 2370.0 
l.OOOE-CS 4.327E 03 2386.5 2436.0 
4.000E-C6 9.8516 03 2429.8 2474.9 
l.OOOE-C6 3.44BE 04 2488.4 2527.8 
4.000E-C7 7.928E 04 2523.1 2559.4 
l.OOOE-07 2.8096 05 2570.5 26C2.6 

WT FLOW PER UNIT AREA(EQUIL.) = 9.244 LB/SEC-FT 4 
WT FLOW PER UNIT AREA(FROZENt = 9.037 LB/SEC-FTi 

THROAT PRESSURE RATIO(EQUIL.) = 0.5589 
THROAT PRESSURE RATIOtFRDZEN) = 0.4633 

ENTROPY = 4.C06E 01 BTU/LB-DEG R 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

26803. 29055. 
46297. 44810. 
59154. 53257. 
67050. 56272. 
72604. 57428. 
74399. 
76784. 
78178. 
80061. 
81178. 
82703. 

PACH NLMBER 
ECLIL. FROZEN 

l.COO 1.000 
2.260 2.094 
3.513 3.941 
4.611 6.597 
5.644 10.668 
6.C45 
6.644 
7.036 
7 -627 
8.C16 
8.607 
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TABLE 45 

PERFCRCANCE PARAMETERS FOR I-YOROGEN AT A STAGNATICN PRESSURE OF 
5. ATM AND A STAGNATICN TEMPERATURE OF 16COO. CEG R 

THROAT FLCW PARAMETERlEQUIL.1 = 220.39 LB-SQRTtCEG RI/SEC-FT2-ATM 
THROAT FLOW PARAMETERLFROZEN) = 222.75 LB-SQRTTCEG RI/SEC-FTZ-ATM 

MAX WT FLOW PER UNIT AREA(EQUTL. I = 8.712 LB/SEC-FTi 
MAX WT FLOW PER UNIT AREAIFROZEN) = 8.805 LB/SEC-FTZ 

THROAT PRESSURE AATIO~EQUIL.1 = 0.551C 
THROAT PRESSURE RATIOLFROZEN) = 0.4874 

ENTROPY = 4.C73E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECCLAR WT. 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECLIL. FROZEN 

CHAMBER 16000. 16000. 1.695E 05 1.695E 05 1 .CO8S 1.0089 
THROAT 12668. 12009. 1.528E 05 l.499E 05 l-Cl04 1.0089 

l.OOOE-Cl 7929. 6356. 1.219E 05 1.221E 05 1.0582 1.00@9 
l.OOOE-C2 6094. 2475. 9.363E 04 1.034E 05 1.1794 1.0089 
l.OOOE-C3 5106. 947. 7.307E 04 9.620E 04 1.3027 l-CO89 
l.OOOE-04 4419. 359. 5.7llE 04 9.345E 04 1.4231 1.0089 
4.00OE-C5 4196. 5.169E 04 1.4702 
1.000E-C5 3897. 4.429E 04 1.5405 
4.000E-C6 3720. 3.986E 04 1.586? 
l.OOOE-06 3477. 3.374E 04 1.654: 
4.000E-07 3330. 3.004E 04 1.6985 
l.OOOE-C7 3124. 2.491E 04 1.7645 

PRESSURE DENS1 TV-LB/FT3 
RATIO EQUI L. FROZEN 

CHAMBER 4.319E-04 4.319E-04 
THROAT 3.010E-04 2.805E-04 

l.OOOE-01 9.1416-05 l.O87E-04 
l.OOOE-C2 1.326E-05 2.792E-05 
1 .OOOE-C3 1.747E-06 7.296E-06 
l.OOOE-C4 2.206E-07 1.923E-06 
4. OOOE-C 5 9.599E-08 
l.OOOE-c5 2.707E-08 
4.000E-C6 l.l68E-08 
l.OOOE-C6 3.259E-09 
4.000t-07 1.398E-09 
l.OOOE-07 3.87OE-l0 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC UAC I SP-SEC 
RATIO EQUI L. FROZEN EQUIL. FROZEN ECLIL. FROZEN 

THROAT l.OOOE 00 l.OOOE 00 899.6 975.8 1568.7 1561.5 
l.OOOE-C 1 1.9SlE 00 1.662E 00 1518.2 1514.5 1755.1 1714.2 
l.OOOE-C2 1.066E 01 5.481E 00 1916.0 1788.2 2045.5 1854.1 
l.OOOE-C3 7.174E 01 1.992E 01 2160.0 1883.3 2247.1 1907.2 
l.OOOE-C4 5.265E 02 7.420E 01 2331.8 1918.3 2395.7 1927.2 
4.000E-C5 1.182E 03 2387.3 2444.7 
l.OOOE-C5 4.064E 03 2461.1 251C.5 
4.000E-06 9.255E 03 2504.3 2549.3 
1.0OOE-C6 3.242E 04 2562.7 26C2.1 
4.OOOE-C7 7.459E 04 2597.4 2633.6 
l.OOOE-07 2.646E 05 2644.7 2676.0 

VELOCITY-Fl/SEC 
EQUIL. FROZEN 

MACH NUMBER 
ECUIL. FROZEN 

28942. 31395. 1 -coo l.OOC 
48846. 48726. 2.312 2.124 
61647. 57534. 3.594 3.988 
69496. 60594. 4.705 6.758 
75022. 61720. 5.749 11.151 
76810. 6.153 
79185. 6.758 
80575. 7.154 
82453. 7 -749 
83567. 8.142 
85091. 8.736 
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TABLE 46 

PERFCRCANCE PARAMETERS FOR I-YDRDGEN AT 4 STAGNATICN PRESSUPE OF 
5. ATM AND A STAGNATICN TEMPERATURE OF 18CGO. CEG C 

THROAT FLOW PAkAMETER(EGUIL.1 = 221.16 LB-SORTfLEE RI/SEC-FTZ-ATM 
THROAT FLOW PARAHETERfFROZEN) = 222.71 LB-SQRT(CEG RI/SEC-FT2-ATT’ 

PAX WT FLOW PER UNIT AREA(EQUIL.1 = 8.242 LB/SEC-FT2 
PAX WT FLOW PER UNIT AREA(FROZEN1 = 8.3OC LB/SEC-FT 2 

THROAT PRESSURE RATIOIEQUIL.1 = 0.5425 
THROAT PRESSURE RATIO(FROZEN1 = 0.4875 

ENTROPY = 4.132E 01 BTU/LB-DEG R 

PRtSSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECCLAR WT. 
RAT10 E41.JIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER lB’-!OO. 18000. 1.795E 05 1.795E 05 1.0084 1.0084 
THROAT 14123. 13511. 1.602E 05 1.573E 05 l.CO91 1.0084 

l.OOOE-01 8237. 7158. 1.266E 05 1.26lE 05 1.0404 1.0084 
1.000E-02 6167. 2794. 9.722E 04 1.050E 05 1.1571 1.0084 
1.000t-C3 5 146. 1071. 7.607E 04 9.686E 04 1.2789 1.0084 
L.OOOE-C4 4448. 407. 5.97lE 04 9.375E C4 1.3981 1.0084 
4.000E-05 4223. 5.416E 04 1.444E 
l.OOOE-C5 3921. 4.658E 04 1.514r 
4.OOOE-C6 3744. 4.204E 04 1.5595 
l.OOOE-Cb 3500. 3.579E 04 1.627C 
4.000E-07 3354. 3.200E 04 1.67lF 
l.OOOE-07 3148. 2.675E 04 1.7375 

PRESSURE DENSITY-LBIFT3 
RATIO EQUI L. FROZEN 

CHAMBER 3.837E-04 3.837E-04 
THROAT 2.655E-04 2.492E-04 

l.OOOE-01 8.652E-05 9.650E-05 
l.OOOE-C2 1.285E-05 2.472E-05 
1.000t-C3 1.702E-06 6.449E-06 
l.OOOE-C4 2.153E-07 1.698E-06 
4. OOOE-C 5 9.374E-08 
l.OOOE-05 2.645E-08 
4.000E-C6 1.142E-08 
l.OOOE-C6 3.185E-09 
4.000E-07 1.366E-09 
l.OOOE-07 3.780E-10 

PRESSLRE NOZZLE AREA RATIO IDEAL ISP-SEC VAC ISP-SEC 
RATIO EOUILI FROZEN EOUIL. FROZEN ECbXL. FROZEN 

THROAT l.OOCE 00 1.OOOE OC 965.0 1035.1 1661.3 1656.5 
l.OOOE-01 1.852E OO lr664E 00 1599.2 1606. e 1836.8 1818.9 
l.OOOE-C2 9.993E 00 5.499E 00 1994.7 1897-e 2123.0 1967.9 
l.OOOE-C3 6.729E 61 2.OOlE 01 2236.4 1999.1 2322.8 2024.6 
I. OOOE-04 4i944E 02 tr460E 01 2406.8 2036.4 247C.3 2045.9 
4.000E-C5 i.llOE 63 2462.0 25 19.0 
l.OOOE-C5 3.820E 03 2535.3 25E4.3 
4.OOOE-t6 8.764E 03 2578.2 2622.9 
l.OOOE-06 3.051E 04 2636.3 2675.4 
4.000E-C7 7.023E 04 2670.7 27C6.8 
l.OOOE-07 2.494E 05 2717.9 2749.9 

VELOCITY-FTZSEC 
EQUIL. FROZEN 

MACH NUMBER 
ECUIL. FROZEN 

31048. 33304. 1.000 1.000 
51451. 51698. 2.360 2.125 
64177. 61060. 3 -680 3.985 
71955. 64319. 4.806 6.747 
77437. 65520. 5.861 11.127 
79211. 6.270 
81571. 6.@8C 
82952. 7.280 
84820. 7.881 
85928. 8 -277 
87445. 8.875 
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TABLE 47 

PEHFCKCANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
5. ATM AND A STAGNATICN TEMPERATURE OF ZCCCO. CEG R 

THROAT FLOW PARAHETERiEQU1L.J = 207.03 LB-SQRT(CEG RI/SEC-FT2-ATM 
‘THRUAT FLCW PARAMETERtFROZENJ = 220.63 LB-SQRT(OEG RI/SEC-FTZ-ATC 

FAX WT FLOW PER UNIT AREb(EQUIL.1 = 7.32C LB/SEC-FTZ 
CAX WT FLOW PER UNIT AREPlFROZENJ = 7.13OC LB/SEC-FTE 

THROAT PRESSURE RATIO(EQUIL.1 = 0.5419 
THROAT PRESSURE RATIO(FROZEN) = 0.4@75 

ENTROPY = 4.254E 01 BTU/LB-DEG R 

PRESSURE TEM PERATURE-DEG R ENThALPY-BTU/LB MCLEClLAR kT. 
RAT IO EQUIL. FROZEN EQUIL. FROZEN ECLIL. FROZEN 

CHAMBER 20000. 20000. 2.021E 05 2.021E 05 0.989f 0.9898 
THROAT 17139. 15014. 1.793E 05 1.770E 05 l.CO2i 0.9asf3 

l.OOOE-Cl 9447. 7961. 1.374E 05 1.416E 05 1.0151 C.9898 
I.OOOE-02 6344. 311.7. 1.049E 05 1.177E 05 1.1125 0.9898 
1 .OOOE-C3 5232. 1198. B.244E 04 1.084E 05 1.2312 0.9898 
l.OOOE-C4 4508. 456. 6.521E 04 1.048E c5 1.348C 0.9898 
4.000E-05 4277. 5.938E 04 1.3937 
l.OOOE-C5 3970. 5.143E 04 1.4621 
4.000E-Cb 3790. 4.667E 04 1.5067 
l.OOOE-Ch 3545. 4.011E 04 1.5734 
4.000E-07 3398. 3.615E 04 1.616C 
l.OOOE-C7 3L94. 3.064E 04 1.681E 

PRESSURE DENSITY-LB/FT3 
RATIC EQUI L. FKOZEN 

CHAMBER 3.39OE-04 3.390E-04 
THROAT 2.170E-04 %.201E-04 

l.ooOE-Cl 7.36CE-05 8.516E-05 
1.000E-C2 1.202E-05 2.175E-05 
l.OOOE-03 1.612E-06 5.657E-06 
l.OOOE-C4 2.048E-07 1.486E-06 
4.000E-C5 a.928E-08 
l.OOOE-C5 2.522E-08 
4.OUOE-C6 l.O8YE-08 
1.000E-C6 3.040E-09 
4.000E-C7 1.304E-09 
l .OOOE-07 3.607E-10 

PRESSURE NO?ZLE AREA RATIO IDEAL ISP-SEC bAC ISP-SEC 
RATIO EQUIL. FROZEN EQUIL. FROZEh ECLIL. FROZEN 

THROAT l.OOOE 00 1.000E 00 1048.3 1101.4 1831.5 1762.5 
l.OOOE-01 1.7486 00 1.665E 00 1768.7 1709-e 2021.3 1935.6 
1 .OOOE-C2 8.735E 00 5.519E 00 2167.5 202o.c 22S3.B 2094.8 
l.OOOE-C3 5.86aE 01 2.014E 01 2405.0 2128.3 24ES.9 2155.6 
l.OOOfz-c4 4.318E 02 7.525E 01 2572.5 2168.3 2634.9 2178.5 
4.000f-C5 9.700E 02 2626.7 26E2.8 
l.OOOE-C5 3.342E 03 2698.9 2747.2 
4.000E-C6 7.62CE 03 2741.2 27E5.3 
1 .OOOE-C6 2.674E 04 2798.5 2837.1 
4.000E-C7 6.161E 04 2832.5 2868.1 
1 .OOOE-07 2.19lE 05 2879.1 2910.8 

VELOCITY-FT/SEC 
EQUIL. FROZEh 

33728. 
56905. 
69739. 
77380. 
82766. 
84512. 
86835. 
88196. 
90038. 
91133. 
92632. 

35435. 
55011. 
6499 1. 
68475. 
69762. 

PACH NUMBER 
ECLIL. FROZEN 

1 .coo l.COC 
2.371 2.126 
3.858 3.983 
5.024 6.734 
6.107 11.092 
6.525 
7.150 
7.559 
a.173 
a.577 
9.186 
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TABLE 48 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT C STAGNATICN PRESSURE OF 
5. ATM AND A STAGNATICN TEMPERATURE OF 3CCOO. CEG R 

THROAT FLOW PARAMETER(EQUIL.1 = 172.52 LB-SQRTTCEG RI/SEC-FTZ-ATM 
THROAT FLCW PARAHETERIFROZEN) = 191.85 LB-SQRTICEG RI/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREA(EQUIL.l = 4.98C LB/SEC-FT2 
PAX WT FLOW PER UNIT AREA(FROZEN1 = 5.538 LB/SEC-FTi 

THROAT PRESSURE RATIO(EQUfL.l = 0.5656 
THROAT PRESSURE PATIOTFROZEN) = 0.487t3 

ENTROPY = 5.346E 01 BTU/LB-OEG R 

PRESSUHE TEMPERATURE-DEG R ENTHALPY-BTU/LB 
RATIO EQUIL. FROZEN EQUIL. FROZEN 

CHAMBER 3ocoo. 30000. 4.855E 05 4.855E C5 
THROAT 28C30. 22646. 4.426E 05 4.360E 05 

l.OooE-01 23118. 12025. 3.347E 05 3.659E 05 
l.OOOE-C2 18062. 4769. 2.295E 05 3.182E C5 
l.OOOE-C3 12659. 1872. 1.562E 05 2.994E 05 
l.OOOE-C4 5639. 730. 1.182E 05 2.920E 05 
4*000E-C5 4945. 501. 1.090E 05 2.906E 05 
l.OOOE-G5 4424. 284. 9.703E 04 2.892E 05 
4.000E-C6 4176. 9.006E 04 
l.OOOE-C6 3869. 8.059E 04 
4.000E-07 3697. 7.492E 04 
l.OOOE-C7 3468. 6.7lOE 04 

PRESSUPE 
RATIC 

CHAMBER 
THROAT 

l.oOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
1 .OOOE-C4 
4. oooli-c5 
l.OOOE-G5 
4. OOOE-C 6 
l.OOOE-C6 
4.000E-07 
l.OOOE-07 

OENSITY-LB/FT3 
EQUIL. FROZEN 

1.721E-04 L.721E-04 
l.O75E-04 l.l12E-04 
2.516E-05 4.294E-05 
3.559E-06 l.O83E-05 
5.428E-07 2.758E-06 
1.236E-07 7.072E-07 
5*81CE-08 4.119E-07 
1.71 CE-08 1.819E-07 
7.48vE-09 
2.119E-09 
9.144E-10 
2.546E-10 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

46336. 
86902. 

113207. 
128393. 
135599. 
137296. 
139456. 
140701. 
142376. 
143368. 
144727. 

49792. 
77390. 
91515. 
96525. 
98416. 
98789. 
99143. 

l.OOOE-C7 

PRESSURE 
RATIO 

THROAT 
1 .OOOE-C 1 
l .OOOE-C2 
l.OOOE-03 
l.OOOE-G4 
4.000E-C5 
l.OOOE-C5 
4.000E-C6 
l.OOOE-C6 
4.000E-C7 

1.352E 05 

NOZZLE AREA RATIO 
EQUI L. FROZEN 

l.OOOE 00 l.OOOE 00 
2.277E 00 1.667E 00 
1.236E 01 5.589E 00 
7.146E 01 2.080E 01 
2.973E 02 7.957E 01 
6.243E 02 1.361E 02 
2.089E 03 3.071E 02 
4.72 IE 03 
1.651E 04 
3.799E 04 

IDEAL ISP-SEC 
EQUIL. FROZEN 
1440.2 1547.6 
2701.0 2405.4 
3518.6 2844.4 
3990.6 3000.1 
4214.6 3058-S 
4267.3 3070.5 
4334.4 3081.5 
4373” 1 
4425.2 
4456.0 
4498.3 

HCLEC 1LAR WT. 
ECUIL. FROZEN 
0.753e 0.7538 
0.7776 0.7538 
0.8499 0.7538 
0.9384 0.7538 
1.0033 0.7538 
1.0172 0.7538 
1.048E 0.7538 
1.1041 0.7538 
1.1412 
1.197; 
1.234C 
1.2892 

F’ACH NUMBER 
ECLIL. FROZEN 

l.COO 1.000 
2.186 2.129 
3.414 3.Y84 
4.526 6.684 
7 -659 10.895 
8.481 13.192 
9.405 17.59c 
9.959 

10.761 
11.277 
12.044 

\AC ISP-SEC 
ECUIL. FROZEN 

2641.8 2479.6 
31J34.8 2723.8 
3781.2 2951.2 
4142.4 3039.8 
4277.7 3074.1 
4320.3 3080.9 
4378.8 3087.3 
4413.3 
4460.2 
4488.3 
4527.0 
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TABLE 49 

PERFGRMANCE PARAMETERS FOR HYOROGEN AT A STAGNATICN PRESSURE OF 
5. ATM AND A STAGNATICN 1EHPERATURE OF 4OCOO. CEG P 

THROAT FLGW PARAMETERTEOUIL.) = 149.56 LB-SQRTTOEG RI/SEC-FTZ-ATM 
THROAT FLCW PARAHETERtFROZEN) = 162.90 LB-SPRT(CEG RI/SEC-FTL-ATM 

YAX WT FLOW PER UNIT AREA(EQU1L.J = 3.734 LB/SEC-FTi 
PAX Wf FLOW PER UNIT AREA(FROZEN1 * 4.073 LB/SEC-FT i 

THROAT PRESSURE RATIO(EQUIL.~ = 0.5211 
THROAT PRESSURE RATIOlFRUZEN~ = 0.4895 

ENTROPY = 6.743E 01 BTU/LB-DEG A 

PRESSURE TEMPERATURE-OEG R ENTHALPY-BTU/LB MCLEClLAR WT. 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER 4ocoo. 40000. 9.659E 05 9.659E 05 0.539c 0.5390 
THROAT 35734. 30133. 8.763E 05 8.738E 05 0.5589 0.539c 

l.OOOE-Cl 28617. 15980. 6.973E 05 7.431E 05 0.6121 0.5390 
l.OOOE-C2 22647. 6360. 5.lBbE 05 6.544E 05 0.692C 0.5390 
l.OOOE-C3 18692. 2528. 3.897E 05 6.192E 05 0.771C 0.5390 
l.OOOE-C4 15768. 1004. 2.925E 05 6.052E 05 0.8483 0.5390 
4.000E-C5 14778. 695. 2.603E 05 6.023E C5 0.8781 0.5390 
l.OOOE-C5 13386. 398. 2.172E 05 5.9966 C5 0.921 0.5390 
4.000E-C6 12490. 1.920E 05 0.949 
l.OOOE-06 10996. 1.585E 05 0.987 
4*000E-07 9478. 1.410E 05 1 .co4 
l.OOOE-07 5713. 1.204E 05 1.008 

PRESSURE DENS1 TV-LB/FT3 
RATIO EQUIL. FROZEN 

CHAMBER 9.230E-05 9.230E-05 
THROAT 5.582E-05 5.997E-05 

l.OOOE-01 1.467E-05 2.310E-05 
l.OOOE-C2 2.093E-06 5.805E-06 
l.OOOE-C3 2.82 SE-07 1.460E-06 
l.OOOE-C4 3.685E-08 3.67&E-07 
4.000E-05 1.628E-08 2.125E-07 
l.OOOE-C5 4.717E-09 9.267E-08 
4*000E-C6 2.083E-09 
l.OOOE-06 6.148E-10 
4.000E-C7 2.904E-IO 
l.OOOE-07 1.209E-10 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC \AC ISP-SEC 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

THROAT l.OOOE 00 1.000E 00 2081.8 2110.6 3556.4 3382.2 
l.OOOE-Cl 2.198E 00 1.669E 00 3603.6 3282.4 4225.6 3716.0 
l.OOOE-C2 1.194E 01 5.619E 00 4650.8 3880.8 49E8.7 4026.8 
l.OOOE-03 7.793E 01 2.117E 01 5278.7 4094. t 5459.2 4149.6 
l.OOOE-C4 5.527E 02 8.241E 01 5706.6 4176.6 5863.0 4198.0 
4.000E-CS 1.222E 03 1.42lE 02 5841.5 4193. c 5979.8 4207.7 
l.OOOE-05 4.094E 03 3.245E 02 6017.2 4208.6 6133.1 4217.1 
4.000E-C6 9.122E 03 6117.6 6220.8 
1 .OOOE-C6 3.025E 04 6248.5 6334.1 
4.000E-07 6.3376 04 6315.8 63E7.5 
l.OOOE-07 1.504E 05 6394.5 6437.0 

VELOCITY-FT./SEC 
EQUIL. FROZEh 

PACH NUMBER 
ECUIL. FROZEN 

66979. 67907. l.COO 1.000 
115943. 105608. 2.153 2.131 
149636. 124861. 3.431 3.992 
169836. 131741. 4.592 6.677 
183603. 134377. 5.720 10.805 
187943. 134904. 6.168 13.037 
193598. 135408. 6.857 17.282 
196827. 7.326 
201041. 8.071 
203204. 8.424 
205736. 11.481 



TABLE 50 

PERFORMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
5. ATC! AND A STAGNATICN TEMPERATURE OF 5OCOO. CEG P 

THROAT FLCM PARAHETERtEQUIL. 1 = 151.36 LB-SQRTfCEG RI/SEC-FTZ-ATc 
THROAT FLOW PARAMETER(FROZENJ - 158.17 LB-SQRTLCEG RI /SEC-FTZ-ATM 

f’AX WT FLOW PER UNIT AREA(EQUIL.1 = 3.385 LB/SEC-FT2 
PAX WT FLOW PER UNIT AREA(FROZEN1 = 3.537 LB/SEC-FT 2 

THROAT PRESSURE RATIO(EQU1L.J = 0.4866 
THROAT PRESSURE RATIOLFROZEN) = 0.4878 

ENTROPY = 7.154E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB HCLECLLAR WT. 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER 5ocoo. 50000. 1.147E 06 1.147E 06 0.5095 0.5095 
THROAT .40503. 37582. 1.022E 06 1.025E 06 0.5201 0.5095 

l.OOOE-Cl 30615. 19953. 8.188E 05 8.532E C5 0.563' 0.5095 
1 .OOOE-C2 23663. 7948. 6.137E 05 7.361E 05 0.636' 0.5095 
L.OOOE-03 19433. 3171. 4.681E 05 6.894E 05 0.7111 0..5095 
l.OOOE-04 16433. 1267. 3.587E 05 6.707E 05 0.785' 0.5095 
4.000E-05 15450. 879. 3.2256 05 6.6706 C5 0.815f 0.5095 
l.OOOE-C5 14117. 506. 2.738E 05 6.633E 05 0.858: 0.5095 
4.OOOE-C6 13313. 351. 2.452E 05 6.618E 05 0.886': 0.5095 
l.OOOE-C6 12 165. 2.065E 05 0.927' 
%.OOOE-07 11414. 1.836E 05 0.953: 
l.OOOE-C7 10116. 1.544E 05 0.988; 

PRESSURE DENSITY-LB/FT3 
RATIO EOlJIL. FROZEN 

CHAMRER 6.98OE-05 6.980E-05 
THROAT 4.282E-05 4.529E-05 

l.OOOE-01 1.261E-05 1.749E-05 
l.OOOE-02 1.843E-06 4.391E-06 
1 .OOOE-03 2.509E-07 l.lOlE-06 
l.OOOE-C4 3.276E-08 2.755E-07 
4. OOOE-C 5 1.445E-08 1.588E-07 
l.OOOE-C5 4.164E-09 6.895E-08 
4.000E-Cb 1.824E-09 3.973E-08 
l.OOOE-C6 5.22lE-10 
4.000E-0 7 2.288E-10 
l.OOOE-07 6.694E-11 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC bAC ISP-SEC 
RATIO EOUIL. FROZEN EQUIL. FROZEN ECLIL. FROZEN 

THROAT l.OOOE 00 l.OOOE 00 2456.9 2427.1 3978.0 3eB6.1 
l.OOOE-Cl 2.094E 00 1.667E 00 3984.3 3770.2 4638.9 4268.9 
l.OOOE-C2 1.124E 01 5.615E 00 5078.6 4458.4 5429.9 4626.4 
l.OOOE-03 7.317E 01 2.123E 01 5730.4 4704.8 5959.2 4768.3 
l.OOOE-C4 5.201E 02 8.312E 01 6174.6 4799.6 6337.2 4824.5 
4.000E-C5 1.153E 03 1.437E 02 6315.0 4818.7 6459.1 4835.9 
l.OoOE-c5 3.887E 03 3.296E 02 6498.6 4837.0 662C.l 4846.8 
4.000E-06 8.733E 03 5.712E 02 6604.3 4844.5 6713.5 4851.4 
l.OOOE-Cb 2.987E 04 6744.5 6837.8 
4.000E-07 6.735E 04 6825.8 691C.l 
l.OOOE-07 2.268E 05 6928.8 6559.7 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

79047. 78088. 
128191. 121301. 
163399. 143445. 
184370. 151372. 
198661. 154422. 
203178. 155036. 
209086. 155624. 
212485. 155868. 
216996. 
219614. 
222927. 

CACH NUMBER 
ECUIL. FROZEN 

l.COO l.OOC 
2.118 2.129 
3.481 3.992 
4.681 6.673 
5.827 10.774 
6.278 12.983 
6.961 17.177 
7.417 2C.648 
8.120 
8.601 
9.372 
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TABLE 51 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT 1 S’TAGNATICN PRESSURE OF 
5. ATM AND A STAGNATICN TEMPERATURE OF 75CO0. CEG P 

THRDAT FLCW PARAMETER(EQUIL.1 = 157.23 LB-SQRTfCEC RI/SEC-FT2-ATM 
THROAT FLOW PARAMETERLFROZENI = 157.53 LB-SQRTtCEG RI/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREA(EPUIL.l = 2.871 LB/SEC-FT2 
f’AX WT FLOW PER UNIT AREAfFROZEN) = 2,876 LB/SEC-FTf 

THROAT PRESSURE RATIOTEQUIL.l = 0.4872 
THROAT PRESSURE RATIOtFROZEN) = 0.4874 

ENTROPY = 7.582E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECLLAR WT. 
RATIO EQUIL. FROZEN EQUIL. FROZEh ECUIL. FROZEN 

CHAMBER 75000. 75000. 1.409E 06 1.409E 06 0.504r 0.5044 
THROAT 56477. 56279. 1.225E 06 1.225E CC 0.5051 0.5044 

l.OOOE-01 34374. 29875. 9.568E 05 9.646E 05 0.5227 0.5044 
l.OOOE-02 24860. 11894. 7.175E 05 7.875E 05 0.587C 0.5044 
1 .OOOE-03 20163. 4736. 5.528E 05 7.170E 05 0.6574 0.5044 
l.OOOE-C4 17011. 1886. 4.303E 05 6.889E 05 0.7275 0.5044 
4.000E-05 16003. 1307. 3.898E 05 6.832E 05 0.7557 0.5044 
l.OOOE-05 14663. 751. 3.355E 05 6.777E C5 0.7974 0.5044 
4.000E-C6 13872. 521. 3.034E 05 6.754E 05 0.8247 0.5044 
1 .OOOE-C6 12 786. 299. 2.600E 05 6.732E 05 0.865' 0.5044 
4.000E-07 12 123. 2.342E 05 0.091t 
l.OOOE-07 11165. 1.990E 05 0.9302 

PRESSURE DENSITY-LB/FT3 
RATIO EQUIL. FROZEN 

CHAMBER 4.606E-05 4.606E-05 
THROAT 2.984E-05 2.992E-05 

l.oOOE-Cl l.O42E-05 l.l56E-05 
l.OOOE-02 1.617E-06 2.905E-06 
l.OOOE-03 2.233E-07 7.295E-07 
1 .OOOE-C4 2.931E-08 1.832E-07 
4.000E-C5 1.294E-08 l.O57E-07 
l.OOOE-05 3.725E-09 4.601E-08 
4.000E-06 1.629E-09 2.655E-08 
l.OOOE-C6 4.635E-10 l.lSSE-08 
4.000E-07 2.015E-10 
l.OOOE-07 5.707E-11 

PRESSURE NOZZLE AREA RATIO IDEAL IS+SEC VAC ISP-SEC 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

THROAT l.OOOE 00 l.OOOE 00 2989.4 2987.8 4785.2 4780.7 
l.OOOE-C 1 1.831E 00 1.667E 00 4678.2 4637.7 5353.1 5250.9 
L.OOOE-02 9.537E 00 5.612E 00 5784.1 5483.9 6135.6 5690.4 
1 .OOOE-C3 6.208E 01 2.118E 01 6435.9 5786.5 6664.7 5864.4 
l.OOOE-04 4.4246 02 8.266E 01 6880.7 5902. C 7043.8 5933.0 
4.000E-05 9.821E 02 1.427E 02 7021.7 5925. S 7166.4 5946.9 
l.OOOE-C5 3.324E 03 3.266E 02 7206.4 5948.3 7328.9 5960.3 
4.000E-C6 7.491E 03 5.652E 02 7313.1 5957.5 7423.5 5965.8 
l.OOOE-06 2.582E 04 1.297E 03 7455.4 5966.3 755G.5 5971.1 
4.000E-C7 5.873E 04 7538.6 7625.2 
l.OOOE-C7 2.043E 05 7650.7 7726.0 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

MACH NUMBER 
ECUIL. FROZEN 

96182. 96128. 1.000 l.OOC 
150515. 149215. 2.086 2.13C 
186098. 176440. 3.632 3.992 
207069. 186174. 4.929 6.675 
221381. 189912. 6.126 10.791 
225915. 190661. 6.592 13.012 
231860. 191379. 7.294 17.233 
235292. 191676. 7.757 20.730 
239869. 191961. 8.463 27.391 
242547. 8.934 
246155. 9.665 



TABLE 52 

PERFCRMANCE PARAMETERS FOR PYDROGEN AT A STAGNATICN PRESSURE OF 
5. ATM AND A STAGNATICN TEMPERATURE OF LCOCOO. CEG F 

TrlROAT FLCW PARAMETER(EQU1L.J = 157.48 LB-SPRTfCEG RJ/SEC-FT2-ATM 
THROAT FLOW PARAMETERLFROZENJ = 157.50 LB-SQRTLCEC RJ/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREA(EQU1L.J = 2.49C LB/SEC-FT i 
PAX WT FLOW PER UNIT AREAfFROZENJ = 2.49C LB/SEC-FT i 

THROAT PRESSURE RATIOIEQUIL.J = 0.4873 
THROAT PRESSURE RATIOiFROZENJ = 0.4873 

ENTROPY = 7.E67E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-OEG R ENTHALPY-BTU/L8 MCLECCLAR WT. 
RATIO EQUIL. FROZEN ECJUIL. FROZEN ECUIL. FROZEN 

CHAMBER loocoo. 100000. 1.657E 06 1.657E 06 0.504 1 0.5041 
THROAT 75043. 75020. 1.410E 06 1.410E 06 0.504s 0.5041 

l.OOOE-C 1 40717. 39822. 1.062E 06 l.063E CC 0.5074 0.5041 
l.OOOE-C2 25879. 15854. 7.897E 05 8.272E 05 0.5575 0.5041 
l.OOOE-C3 20663. 6312. 6.109E 05 7.332E 05 0.6245 0.5041 
l.OOOE-C4 17366. 2513. 4.793E 05 6.957E C5 0.6925 0.5041 
4.000E-C5 16331. 1742. 4.358E 05 6.881E c5 0.71s< 0.5041 
1.000t-C5 14966. 1000. 3.776E 05 6.808E 05 0.7604 0.5041 
4.000E-C6 14170. 693. 3.433E 05 6.7786 05 0.7865 0.5041 
l.OOOE-C6 13c90. 398. 2.968E 05 6.749E C5 0.8267 0.5041 
4.000E-C7 12440. 2.69lE 05 0.0526 
l.OOOE-07 11529. 2.313E 05 0.8911 

PRESSURE DENSITY-LB/FT3 
RATIO EQUIL. FROZEN 

CHAMBER 3.453E-05 3.453E-05 
THROAT 2.243E-05 2.243E-05 

l.OOOE-Cl 8.535E-06 8.671E-06 
1 .OOOE-CZ 1.477E-06 2.178E-06 
1 .OOOE-C3 2.07 lE-07 5.471E-07 
1.ooot-c4 2.733E-08 1.374E-07 
4.000E-C5 1.208E-08 7.929E-08 
l.OOOE-C5 3.48OE-09 3.451E-08 
4.000E-C6 1.521E-09 1.992E-08 
l.OOOE-C6 4.326E-LO 8.6686-09 
4.000E-C7 1.878E-10 
l.OOOE-07 5.294E-11 

PRESSURE NOZZLE AREA RATIO [DEAL ISP-SEC VAC ISP-SEC 
RATIO E4UIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

THROAT L.OOoE 00 l.OOOE 00 3450.9 3451.c 5521.6 5521.3 
l.OOOE-01 1.692E 00 1.667E 00 5360.7 5356.1 6079.4 6064.2 
1 .OOOE-C2 8.095E 00 5.611E 00 6475.1 6333.3 6819.0 6571.7 
l.oOOE-C3 5.254E 01 2.117E 01 7111.3 6682.7 7334.5 6772.6 
l.OOOE-C4 3.753E 02 8.263E 01 7545.7 6816.8 77C5.2 6851.9 
4.000E-CS 8.340E 02 1.426E 02 7683.6 6843.7 7825.3 6868.0 
l.OOOE-C5 2.828E 03 3.265E 02 7864.6 6869.5 7984.8 6883.4 
4.000E-C6 6.383E 03 5.649E 02 7969.3 6880.1 8077.8 6889.7 
l.OOOE-Cb 2.206E 04 1.296E 03 8109.3 6890.3 82C3.0 6895.8 
4.000E-07 5.032E 04 8191.4 8276.9 
l.OOOE-07 1.761E 05 8302.4 8377.2 

VELOCITY-FT/SEC 
EQUIL. FROZEh 

111031. 111031. 
172474. 172328. 
208328. 203768. 
228800. 215009. 
242776. 2 19324. 
247211. 220190. 
253037. 221019. 
256405. 221361. 
260907. 221690. 
263549. 
267121. 

MACH NUMBER 
ECUIL. FROZEN 

l.CGO l.OOC 
2.118 2.130 
3.763 3.992 
5.21C 6.675 
6.472 10.792 
6.957 13.013 
7.685 17.235 
8.164 20.734 
8.889 27.390 
9.371 

10.10fl 
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TABLE 53 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
5. ATM AND A STAGNATICN TEMPERATURE OF 15OCOO. CEG R 

THROAT FLCW PARAMETER(EQU1L.J = 157.51 LB-SQRTiCEG RI /SEC-FTZ-ATM 
TriROAT FLCW PARAMETER(FROZENJ = 157.51 LB-SQRT(CEC RI/SEC-FTZ-ATM 

PAX 
t’AX 

PRESSURE 
RA.TJ 0 

CHAMBER 
1HRUAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
4.000E-C5 
l.OOOE-C5 
4.000E-06 
l.OOOE-C6 
4. ooot-07 
1 .OOOE-C7 

PRESSURE 
RAT10 

CHAMBER 
THROAT 

l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-04 
4.000E-C5 
l.OOOE-C5 
4.000E-C6 
l.OOOE-06 
4.000E-C7 
l.OOOE-C7 

PRESSURE 
RATIO 

THROAT 
l.OOOE-Cl 
l.OOOE-02 
l.OOOE-C3 
l.OOOE-C4 
4,00OE-C5 
l. OOOE-0 5 
4.000E-C6 
l.OOOE-C6 
4.000E-C7 
1.000E-07 

60 

WT FLOW PER UNIT AREA(EQU1L.J = 2.033 LB/SEC-FT2 
WT FLOW PER UNIT AREA( FROZEN) = 2.033 LB/SEC-FTi 

THROAT PRESSURE RATIOIEQU1L.J = 0.4E73 
THROAT PRESSURE RATIOfFROZENJ = 0.4873 

ENTROPY = 8.267E 01 BTU/LB-DEG R 

TEMPERATURE-DEG R 
EQlJIL. FROZEN 

15ocoo. 150000. 
112516. 112516. 

59756. 59722. 
28273. 23780. 
21454. 9469. 
17855. 3771. 
16766. 2614. 
15352. 1502. 
14537. 1041. 
13443. 598. 
12794. 414. 
11902. 

DENSITY-LB/FT3 
EQUIL. FROZEN 

2.302E-05 2.302E-05 
1.495E-05 1.495E-05 
5.779E-06 5.7816-06 
1.267E-06 1.452E-06 
1.864E-07 3.646E-07 
2.487E-08 9.156E-08 
l.lOlE-08 5.283E-08 
3.18OE-09 2.299E-08 
1.391E-09 1.327E-08 
3.956E-10 5.774E-09 
l.flhE-10 3.332E-09 
4.829E-11 

N02ZLE AREA RATIO 
EOuIL. FROZEN 

l.OOOE 00 l.OOOE 00 
1.667E 00 1.667E OC 
6.408E 00 5.612E 00 
4.042E 01 2.118E 01 
2.889E 02 8.268E 01 
6.428E 02 1.427E 02 
2.185E 03 3.267E 02 
4.939E 03 5.653E 02 
1.712E 04 1.297E 03 
3.914E 04 2.246E 03 
1.376E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEA 

2.150E 06 2.150E 06 
1.780E 06 1.780E CC 
1.260E 06 1.260E C6 
8.973E 05 9.055E CS 
6.951E 05 7.644E 05 
5.497E 05 7.082E C5 
5.020E 05 6.968E C5 
4.383E 05 6.858E C5 
4.008E 05 6.813E 05 
3.499E 05 6.769E C5 
3.196E 05 6.751E C5 
2.782E 05 

MCLECLLAR WT. 
ECUIL. FROZEN 
0.504C 0.5040 
0.504c 0.5G40 
0.5042 0.5c40 
0.5232 0.5040 
0.583s 0.5040 
0.6483 0.5040 
0.674C 0.5040 
0.712E 0.5040 
0.7382 0.5040 
0.7765 0.5040 
0.8OlC 0.5040 
0.8391 

VELOCITY-FT/SEC 
ECJUIL. FROZEN 

PACH NUMBER 
ECUIL. FROZEN 

136002. 136002. 1 -ccc 1.000 
211067. 211065. 2.130 2.13C 
250391. 249571. 3.861 3.992 
269851. 263342. 5.722 6.675 
283016. 268628. 7.160 10.790 
287200. 269689. 7.692 13.011 
292704. 270705. 8.480 17.231 
295893. 271125. 8.995 2C.728 
300165. 271527. 9.770 27.389 
302679. 271694. 10.283 32.916 
306088. 11.061 

IDEAL ISP-SEC 
EQUIL. FROZEN 
4227.1 4227.1 
6560.2 6560.1 
7782.4 7756.9 
8387.3 8184.9 
8796.4 8349.2 
8926.5 8382.2 
9097.5 8413-E 
9196.7 8426. e 
9329.4 8439.3 
9407.6 8444.5 
9513.5 

bAC I SP-SEC 
ECUIL. FROZEN 

6762.5 6762.5 
7427.6 7427.3 
8115.8 8048.9 
8597.6 8295.1 
8946.7 8392.3 
9060.2 8411.9 
9211.2 8430.8 
9259.5 8438.6 
9418.5 8446.1 
94es.o 8449.2 
95e5.1 

x1 .--_. .- _.-... ..-- --_.-._-.... . . . . . . . . . ..__... . . _-.-. . . . . . ..- -.-__.. --1,111 



TABLE 54 

PERFCRCANCE PARAMETERS FOR FYDROGEN AT A STAGNATICN PRESSUPE OF 
5. ATM AN0 A STAGNATICN TEMPERATURE OF ZCCCOO. CEG P 

THROAT FLCW PARAMETERIEQUIL.1 = 157.51 LB-SQRTLCEG Rl/SEC-FTZ-ATM 
THROAT FLOW PARAMETER1 FROZEN 1 = 157.51 LB-SQRTICEG RI/SEC-FT2-ATM 

FAX WT FLOW PER UNIT AREAIEQUIL.1 = 1.761 LB/SEC-FT2 
PAX WT .FLOw PER UNIT AREAfFROZENI = 1.761 LB/SEC-FTE 

THROAT PRESSURE RATIO(EQU1L.I = 0.4873 
THROAT PRESSURE RATIOIFROZENI = 0.4873 

ENTROPY = 8.55lE 01 BTU/LB-OEG R 

PRESSURE TEMPERATURE-OEG R ENTHALPY-BTU/LB MCLECLLAR WT. 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER 2coooo. 200000. 2.643E 06 2.643E C6 0.504c 0.5040 
THROAT 150017. 150018. 2.150E 06 2.150E CC 0.504c 0.5040 

l.OOOE-01 79628. 79625. 1.456E 06 1.456E 06 0.504c 0.5040 
l.OOOE-02 32640. 31702. 9.826E 05 9.837E 05 0.5076 0.504c 
l.OOOE-C3 22157. 12623. 7.569E 05 7,956E 05 0.5577 0.5040 
l.OOOE-C4 18216. 5026. 6.008E 05 7.207E 05 0.619C 0.5040 
4. OOOE-C 5 17074. 3484. 5.500E 05 7.055E Cc; 0.6444 0.5040 
l.OOOE-C5 15610. 2001. 4.822E 05 6.909E 05 0.6815 0.5040 
4.000E-C6 14775. 1387. 4.423E 05 6.848E 05 0.706f 0.5040 
l.OOOE-Cb 13663. 797. 3.883E 05 6.790E 05 0.7431 0.5040 
4.000E-07 13CO8. 552. 3.562E 05 6.766E 05 0.7681 0.5040 
l.OOOE-07 12115. 317. 3.1226 05 6.743E 05 0.8047 0.5040 

PRESSURE DENSITY-L8/FT3 
RATIO EQUIL. FROZEN 

CHAMHER 1.7266-05 1.726E-05 
THROAT l.l2lE-05 l.l21E-05 

l.OOOE-01 4.335E-06 4.336E-06 
l.OOOE-C2 l.O65E-06 l.O89E-06 
l.OOOE-03 1.724E-07 2.735E-07 
l.OOOE-C4 2.330E-08 6.869E-08 
4.000E-C5 l.O34E-08 3.964E-08 
1 .OOOE-C5 2.992E-09 1.725E-08 
4.000E-C6 1.3lOE-09 9.955E-09 
l.OOOE-C6 3.72FE-10 4.333E-09 
4.0oOE-0 7 1.618E-10 2.500E-09 
l.OOOE-07 4.550E-11 l.O88E-09 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC VAC ISP-SEC 
RATIO EQUIL. FROZEN EDUIL. FROZ Ek ECuIL. FROZEN 

THROAT l.OOOE 00 l.OOOE 00 4881.1 4881.1 7808.7 7808.7 
l.OOOE-Cl 1.667E 00 1.667E 00 7575.0 7575.0 8576.3 8576.3 
l.OOOE-02 5.736E 00 5.612E 00 8959.6 8956.9 93C4.2 9294.0 
l.OOOE-C3 3.324E 01 2.117E 01 9549.5 9451.c 9749.3 9578.2 
l.OOOE-C4 2.364E 02 8.265E 01 9936.8 9640.7 10078.9 9690.4 
4.000E-C5 5.262E 02 1.427E 02 10059.7 9678.8 101&6.1 9713.1 
l.OOOE-05 1.790E 03 3.266E 02 10221.5 9715.2 10329.0 9734.8 
4.000E-C6 4.050E 03 5.6506 02 10315.3 9730.3 10412.6 9743.8 
1 .OOOE-C6 1.406E 04 1.296E 03 10441.1 9744.7 10525.5 9752.5 
4.0DOE-C7 3.217E 04 2.245E 03 10515.2 9750.7 10552.5 9756.1 
l.OOOE-07 1.133E 05 5.155E 03 10615.8 9756.4 lD6E3.9 9759.5 

VELOCITY-FTISEC 
EQUIL. FROZEF( 

CACH NUMBER 
ECUIL. FROZEN 

157046. 157046. l.COO 1.000 
243717. 243718. 2.130 2.130 
288267. 288179. 3.954 3.992 
307247. 304077. 6.096 6.675 
319707, 310180. 7.783 10.791 
323661. 311405. 8.368 13.012 
328865. 312577. 9.222 17.234 
331883. 313062. 9.776 20.732 
335931. 313527. 10.605 27.395 
338315. 313719. 11.150 32.924 
341554. 313904. 11.975 43.467 

61 
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TABLE 55 

PERFCRMANCE PARAMETERS FOR I’YOROGEN AT A STAGNATTCN PRESSURE OF 
10. ATP AND A STAGNATICN TEMPERATURE OF 5COO. CEG P 

THROAl FLCW PARAHETER(EQUIL.1 = 282.53 LB-SORTLCEG RI/SEC-FT2-ATM 
THROAT FLCW PARAHETERLFROZEN) = 255.04 LB-SQRT(GEG RI/SEC-FTZ-ATM 

CAX WT FLOW PER UNIT AREPLEQUIL. 1 = 39.955 LB/SEC-FT; 
CAX WT FLOW PER UNIT AREALFROZENI = 40.735 LB/SEC-FT2 

THROAT PRESSURE RATIOTE0UIL.I = 0.555C 
THROAT PRESSURE RATIDLFROZEN) = 0.5441 

ENTROPY = 2.169E 01 BTU/LB-DEG R 

PRESSURE 
RATIO 

CHAM5ER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 

PRt SSURE 
RATIO 

CHAMBER 
THRDA T 

l.OOOE-Cl 
1 .OOOE-C2 
l.OOOE-03 
L.OOOE-04 

TEMPERATURE-DEG R 
EQUI L. FROZEN 

5coo. 5000. 
4502. 4340. 
3071. 2862. 
1668. 1523. 

871. 744. 
450. 337. 

ENTHALPY- 5TU/L5 MCLEClLAR kT. 
EQUIL. FROZEh ECUIL. FROZEN 

2.016E 04 2.016E 04 1.9921 1.9923 
1.738E 04 1.733E 04 2.CO53 1.9923 
1.099E 04 1.131E C4 2.ci5e 1.9923 
5.749E 03 6.406E 03 2.016C 1.9923 
2.962E 03 3.890E 03 2.016C 1.9923 
1.513E 03 2.703E 03 2.ClbC 1.9923 

DENSITY-LB/FT3 VELOCITY-FT/SEC 
EQUI L. FROZEN EOUIL. FROZEN 

5.458E-03 5.458E-03 
3.386E-03 3.422E-03 11799. 11905. 
8.992E-04 9.536E-04 21421. 21044. 
1.656E-04 1.792E-04 26860. 26240. 
3.170E-05 3.666E-05 29343. 28540. 
6.134E-06 8.096E-06 30554. 29563, 

PRESSURE NOZZLE AREA RATIO IDEAL I SP-SEC 
RATIC EQUIL. FROZEN EOUIL. FROZEN 

THROAT l.OOOE 00 l.OOOE 00 366.7 37o.c 
l.OOOE-C 1 2.074E 00 2.030E 00 665.8 654.1 
l.ooOE-C2 8.982E 00 8.665E 00 834.8 815.6 
l.OOOE-03 4.296E 01 3.893E 01 912.0 887.C 
l.OOOE-G4 2.1326 02 1.702E 02 949.6 918.8 

P(ACH NUP5ER 
ECUTL. FROZEN 

l.COO l.COC 
2.133 2.147 
3.560 3.580 
5.355 5.424 
7.729 8.172 

kAC I SP-SEC 
ECLIL. FROZEN 
6t0.7 652.6 
775.7 759.5 
882.4 860.6 
934.8 907.3 
9tc.9 927.7 
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TABLE 56 

PERFCRCANCE PARAMETERS FOR I-YDROGEN AT A STAGNATICN PRESSUFE OF 
10. ATM AND A STAGNATICN TEMPERATURE OF 6CCO. LEG R 

THROAT FLCW PARAMETERTEQUIL.) = 270.90 LB-SGRTTCEC RI/SEC-FT2-ATM 
THQOAT FLOW PARAMETERIFROZEY) = 281.40 LB-SQRT(CEC RI/SEC-FTZ-ATM 

CAX WT FLOW PER UNIT AREAT EQUIL. 1 = 34.974 LB/SEC-FTZ 
MAX kT FLOW PER UNIT AREPIFROZEN) = 36.329 LB/SEC-FTZ 

THROAT PRESSURE RATIOLEQUIL.) = 0.5692 
THROAT PRESSURE RATIOTFROZENI = 0.5435 

ENTROPY = 2.338E 01 BTU/LB-DEG R 

PRESSURE 
RATIO 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OCJOE-C4 
5.0UOE-C5 
l.OOOE-C5 

PRESSURE 
RATIO 

CHAMBER 
THROA 1 

l.OOOE-Cl 
l.OOOE-C2 
1.000E-C3 
l.O00E-C4 
“J.OOOE-C5 
l.OOOE-C5 

PRESSURE 
RATIO 

THKUA T 
l.OOOE-Cl 
l.OOOE-C2 
l..OuOE-03 
l.O0OE-C4 
S.OOOE-C5 
l.OOOE-C5 

TEMPERATURE-DEG R 
EQUIL. FROZEN 

6000. 6000. 
5603. 5199. 
4395. 3423. 
2648. 1827. 
1417. 898. 

738. 408. 
605. 
380. 

DENSITY-LB/FT3 
EGUtL. FROZEN 

4.332E-03 4.332E-03 
2.682E-03 2.717E-03 
6.22 3E-04 7.593E-04 
l.O43E-04 1.423E-04 
1.95CE-05 2.895E-05 
3.744E-06 6.364E-06 
2.282E-06 
7.268E-07 

NOZZLE AREA RATID 
EGUIL. FROZEN 

l.OOCE 00 l.OOOE 00 
2.274E 00 2.027E 00 
1.055E 01 8.678E 00 
5.103E 01 3.920E 01 
2.539E 02 1.721E 02 
4.129E 02 
1.279E 03 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

2.955E 04 2.955E 04 
2.615E 04 2.598E C4 
1.735E 04 1.842E 04 
9.350E 03 1.225E 04 
4.863E 03 9.079E C3 
2.500E 03 7.572E 03 
2.0426 03 
1.274E 03 

MCLEClLAR WT. 
ECUIL. FRCZEN 
1.8975 1.8975 
1.9274 1.8975 
1.996E 1.8975 
2.ClbC 1.8975 
2.016C 1.8975 
2.016C 1.5975 
2.C16C 
2.C16C 

VELOCITY-FT/SEC CPCH NUMBER 
EQUIL. FROZEN ECCIL. FROZEN 

13039. 13370. 1 .coo 1.000 
24715. 23598. 2.141 2.148 
31797. 29422. 3.389 3.583 
35152. 32010. 5.C44 5.416 
36797. 33167. 7.292 8.138 
37107. a.112 
37621. 10.347 

IDEAL ISP-SEC 
EUUIL. FROZEN 

405.3 415.5 
768.2 733.4 
988.3 914.5 

1092.6 994.9 
1143.7 1030.9 
1153.3 
1169.3 

VAC ISP-SEC 
ECUIL. FROZEN 
749.6 732.1 
9c5.7 851.5 

1052.1 965.0 
1123.4 1017.7 
1159.0 1040.9 
1165.8 
1157.0 



TABLE 57 

PERFCRKANCE FARAMETERS FOR HYDROGEN AT 4 STAGNATICN PRESSURE OF 
10. ATM AND A STAGNATICN TEMPERATURE OF 7CC0. CEG P 

THROAT FLCW PARAMETERIEQUIL. 1 = 254.11 LB-SQRTLCEE RI/SEC-FT2-ATM 
THHOAT FLCW PARAMETER I FROZEN 1 = 267.25 LB-SQRTLCEC RI/SEC-FT2-ATM 

MAX WT FLOW PER UNIT AREb(EQUIL.1 = 30.371 LB/SEC-FT2 
CbX WT FLOW PER UNIT AREbLFROZENT = 31.943 LB/SEC-FTi 

THROAT PRESSURE RATIO~EOUIL.1 = 0.5719 
THROAT PRESSURE RATIOIFROZEN) = 0.5368 

ENTROPY = 2.618E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECLLAR WT. 
RATIO EQUIL. FROZEN EOUIL. FROZEN ECUIL. FROZEN 

CHAMBER 7coo. 7000. 4.785E 04 4.785E 04 1.675C 1.6780 
THROAT 6606. 5968. 4.339E 04 4.308E 04 1.7155 1.6780 

l.OGOE-Cl 5563. 3806. 3.153E 04 3.349E 04 1.8285 1.6780 
l.OOOE-C2 4405. 1943. 1.949E 04 2.589E 04 1.955c 1.678C 
l.OOOE-C3 3021. 919. 1.085E 04 2.213E 04 2.014E 1.6780 
l.OOOE-C4 1646. 406. 5.671E 03 2.041E 04 2.016C 1.6780 
5.OOOE-C5 1355. 4.649E 03 2.Cl16C 
l.OOOE-C5 860. 2.921E 03 2.016C 
S.O00E-C6 705. 2.358E 03 2.016C 
l.ODOE-C6 444. 1.492E 03 2.ClbC 

PRESSURE DFNSITY-LB/FT3 
RATIO EQUI L. FROZEN 

CHAMBER 3.284E-03 3.284E-03 
THROAT 2.035E-03 2.067E-03 

l.OdOE-Cl 4.5026-04 6.040E-04 
l.OOOE-02 6.080E-05 l.l53E-04 
l.OOOE-03 Y.l36E-06 2.501E-05 
1 .OOOE-C4 1.678E-06 5.656E-06 
5. OOOE-C 5 l.O19E-06 
l.OOOE-05 3.213E-07 
5.OOOE-C6 1.958E-07 
l.OOOE-C6 6.220E-08 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

YACH NUMBER 
EClrIL. FROZEN 

14927. 15451. 1 .a00 l.OOC 
28582. 26809. 2.167 2.147 
37677. 33155. 3.307 3.634 
43036. 35876. 4.353 5.580 
45945. 37055. 6.129 8.504 
46502. 6.819 
47423. 8.713 
47703. 9 -666 
45171. 12.269 

PRESSURE NOZZLE AREA RATIO 
RATIO EQUIL. FROZEN 

THROAT l.OOOE 00 l.OOOE 00 
l.OOOE-Cl 2.36OE 00 1.973E 00 
l.OOOE-C2 1.326E 01 8.144E 00 
l.ODOE-C3 7.724E 01 3.56OE 01 
l.OOOE-04 3.939E 02 1.524E 02 
5.000E-C5 6.411E 02 
l.OOOE-C5 1.993E 03 
5.000E-06 3.252E 03 

I DEAL 1 SP-SEC VAC TSP-SEC 
EQUIL. FRflZEh ECLIL. FRCZEN 

463.9 480.2 862.4 835.8 
888.4 833.3 1052.8 963.9 

1171.0 1030.5 1263.4 1084.4 
1337.6 1115.1 13S1.4 1138.7 
1428.1 1151-e 1455.6 1161.9 
1445.3 1467.7 
1473.9 14e7.e 
1452.7 14s4.c 
1497.2 15c4.3 l.OOOE-06 1.014E 04 
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TABLE 58 

PERFCRCANCE PARAMETERS FOR FYDROGEN AT A STAGNATICN PRESSUPE OF 
10. ATT’ AND A STAGNATICN TEMPERATURE OF Elcoo. CEG R 

THROAT FLCW PARAHETERTEQUIL.) = 232.62 LB-SQRTTCEG RI/SEC-FTZ-ATP 
THROAT FLOW PARAMETERtFROZEN) = 248.39 LB-SaRTfCEG RI /SEC-FT2-ATY 

T’AX WT FLOW PER UNIT AREATEQUIL.) = 26.007 LB/SEC-FTi 
CAX WT FLOW PER UNIT AREATFRDZEN) = 27.77 1 LB/SEC-FTZ 

THROAT PRESSURE RATIOTEQUIL.) = 0.5692 
THROAT PRESSURE RATIOLFRDZEN) = 0.5226 

ENTROPY = 3.C08E 01 BTU/LB-DEG R 

PRE SSUHE TEHPERATUPE-DEG R ENTHALPY-BTU/LB MCLEClLAR kT. 
RATIO EQUIL. FROZEN EaUIL. FROZ Ek ECUIL. FROZEN 

CHAPBER 8000. 8000. 7.716E 04 7.716E 04 1.390’ 1.3905 
THROAT 7527. 6587. 7.099E 04 7.041E 04 1.429: 1.39c5 

l.OOOE-01 6363. 3945. 5.49lE 04 5.821E 04 1.547r 1.39c5 
1.000t-C2 5253. 1843. 3.858E 04 4.907E 04 1.696 ! 1.39c5 
1 .OOOE-C3 4407. 812. 2.609E 04 4.492E 04 1.8347 1139c5 
l.OOOE-04 3654. 342. 1.635E 04 4.312E 04 1.5545 1.3905 
5.000E-G5 3402. 1.388E 04 1.9836 
l.OOOE-C5 2564. 9.062E 03 2.0153 
5.000E-C6 2141. 7.457E 03 2.C16C 
l.OOOE-C6 1373. 4.7lOE 03 2.C16C 
5.000E-07 1129. 3.858E 03 2.016C 
l.OOOE-C7 715. 2.420E 03 2.016C 

PRESSURE DENSITY-LB/FT3 
RATIO EQUIL. FROZEN 

CHAMBER 2.381E-03 2.381E-03 
THROAT 1.481E-03 1.5llE-03 

l.OOOE-01 3.330E-04 4.828E-04 
l.OCOE-C2 4.423E-05 l.O34E-04 
1 .OOOE-C3 5.703E-06 2.346E-05 
l.OOOE-04 7.329E-07 5.567E-06 
5.000E-C5 3.9946-07 
l.OOOE-C5 l.O77E-07 
5.000E-C6 6.449E-08 
l.OOOE-C6 2.012E-08 
5.000E-07 1.223E-08 
l.OOOE-07 3.865E-09 

PRESSURE NOZZLE AREA RATIO 
RATIO EQUIL* FHOZ EN 

THROAT l.OOOE 00 1.000E 00 
l.OOOE-Cl 2.340E 00 1.867E 00 
1.000t-C2 1.338E 01 7.166E 00 
l.OOOE-C3 9.020E 01 2.947E 01 
1 .OOOE-C4 6.431E 02 1.209E 02 
3.0OOE-C5 1.157E 03 
l.OOOE-C5 4.137E 03 
5.000E-C6 6.828E 03 
L.OOOE-C6 2.147E 04 
5.000E-07 3.511E 04 
l.OOOE-C7 l.lOOE 05 

VELOC ITY-FT/SEC 
EQUIL. FROZEk 

CACH NUMBER 
ECUIL. FROZEN 

17565. 18375. l.COO 1.000 
33368. 30799. 2.174 2.142 
43944. 37494. 3.331 3.742 
50562. 40174. 4.372 5.931 
55172. 41277. 5.378 9.277 
56281. 5.673 
58385. 6.366 
59069. 6.953 
60222. 8.775 
60575. 9.721 
61167. 12.315 

IDEAL IsP-SEC LAC I SP-SEC 
EOUIL. FROZEN ECUIL. FROZEN 

545.9 571.1 lOC9.1 969.3 
1037.1 957.3 1227.5 1099.6 
1365.8 1165.4 1474.7 122c. c 
1571.5 1248.6 1644.9 1271.1 
1714.8 1282.9 1767.1 1292.1 
1749.3 1756.3 
1814.7 1848.3 
1835.9 1863.7 
1871.8 1889.2 
1882.7 1857.0 
1901.1 191C.l 
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TABLE 59 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT C STAGNATICN PRESSURE OF 
10. ATM AN0 A STAGNATICN TEMPERATURE OF 9cco. LEG R 

THROAT FLCW PIRAMETER(EaU1L.l = 216.44 LB-SQRTTCEG RI/SEC-FT2-ATM 
THROA 1 FLOW PARAMETER T FKOZEN 1 = 234.05 LB-SaRTTCEG RI/SEC-FTZ-ATM 

MAX WT FLOW PER UNIT AREPTEaUIL.1 = 22.815 LB/SEC-FTP 
PAX WT FLOW PER UNIT AREALFROZEN) = 24.672 LB/SEC-FT2 

THROAT PRESSURE RATIO(EaUIL.1 = 0.5652 
THROAT PRESSURE RATIOLFROZENI = 0.5C65 

ENTROPY = 3.372E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALP Y-BTU/L B MCLEClLAR WT. 
RATTC EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER 9000. 9000. 1.079E 05 1.079E 05 1.1780 i.i7ac 
THROAT 8361. 7111. 9.972E 04 9.874E 04 1.214’ 1.1780 

l.OOOE-Cl 6938. 4001. 7.909E 04 8.391E 04 1.325 t 1.1780 
l.OOOE-c2 5693. 1724. 5.851E 04 7.336E 04 1.47c; 1.1780 
l.OOOE-C3 4822. 718. 4.292E 04 6.889E 04 1.6094 1.17ac 
l.OOOE-C4 4155. 293. 3.069E 04 6.705E 04 1.7421 1.1780 
5.OOOE-c5 3980. 2.751E 04 i .7aoc 
l.OOOE-C5 3598. 2.086E 04 1.8663 
5.000E-C6 3439. 1.829E 04 1.901; 
l.OOOE-C6 3044. 1.293E 04 1.974c 
5.000E-C7 2828. 1.089E 04 1.S981 
l.OOOE-07 2014. 6.994E 03 2.C16C 

PRESSURE DENSITY-LB/FT3 
RATIC EQUIL. FROZEN 

CHAMBER 1.793E-03 1.793E-03 
THROAT l.l2’;E-03 l.l49E-03 

l.OOOE-Cl 2.617E-04 4.027E-04 
l.OOOE-C2 3.53 7E-05 9.359E-05 
l.OOOE-03 4.577E-06 2.247E-05 
l.OOOE-04 5.744E-07 5.513E-06 
5.000E-C5 3.065E-07 
l.OOOE-C5 7.105E-08 
S.OOOE-06 3.787E-08 
l.OOOE-06 8.884E-09 
5.000E-07 4.840E-09 
1 .OOOE-07 1.37lE-09 

PRE SSbPE NOZZLE AREA RATIO IDEAL ISP-SEC LAC ISP-SEC 
RATIG EQUIL. FROZEN EOUIL. FROZEN ECLIL. FRCZEN 

THROAT l.OOCE 00 l.OOOE 00 630.5 667.1 1154.7 1101.5 
l.OOOE-01 2.294E 00 1.766E 00 1181.2 1078.1 1354.0 1229.6 
l.OOOE-C2 1.297E 01 6.336E 00 1546.2 1293.2 1666.4 1347.5 
l.OOOE-03 8.747E 01 2.483E 01 1773.2 1374.3 1854.3 1395.5 
l.OOOE-C4 6.388E 02 9.891E 01 1932.9 1406.3 1952.1 1414.8 
5.000E-C5 1.173E 03 1972.3 2026.7 
l.OOOE-CS 4.863E 03 2052.1 2057.2 
5.000E-C6 8.994E 03 2082.2 2123.9 
l.OOOE-C6 3.724E 04 2143.5 2178.1 
5.000E-07 6.763E 04 2166.4 2is7.a 
l.OOOE-C7 2.341E 05 2209.5 2231.2 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

20286. 
38006. 
49747. 
57052. 
62188. 
63456. 
66024. 
66993. 
68966. 
69702. 
71088. 

21464. 
34686. 
41607. 
44215. 
45247. 

PACH NUMBER 
ECUIL. FROZEN 

l.COO l.OCC 
2.183 2.136 
3.365 3.859 
4.425 6.294 
5.434 10.033 
5.733 
6.428 
6.728 
7.426 
7.701 
8.616 
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TABLE 60 

PERFCRMANCE PAR&METERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
10. ATM AND A STAGNA’FICN TEMPERATURE OF 1CCCO. CEG R 

THROAT FLCW PARAMETERIEQUIL. 1 = 210.35 LB-SORTICEG RI/SEC-FTZ-ATM 
THRDAT FLOW PARAMETERIFROZEN) = 227.27 LB-SQRTICEG RI/SEC-FTZ-ATM 

PAX wT FLOW PER UNIT AREAIEQUIL.1 = 21.035 LB/SEC-FTi 
FAX WT FLOW PER UNIT AREAIFROLEN) = 22.721 LR/SEC-FTi 

THROAT PRESSURE RATIO(EOUtL.1 = 0.5624 
THROAT PRESSURE RATIOIFROZENI = 0.4962 

ENTROPY = 3.591E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECLLAR WT. 
RATIO EQUIL. FKOZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER 1ocoo. 10000. 1.287E 05 1.287E 05 1 .c777 1.0777 
THKOAT 9074. 7688. 1.187E 05 1.173E C5 l.llOC 1.0777 

l.OOOE-Cl 7309. 4189. 9.470E 04 1.003E 05 i.213e 1.0777 
l.OOOE-C2 5924. 1725. 7.125E 04 8.845E 04 1.353c 1.0777 
l.OOOE-03 5003. 700. 5.370E 04 8.362E 04 1.4883 1.0777 
l.OOOE-C4 4324. 281. 3.999E 04 8.167E 04 1.618s 1.0777 
5.DOOE-C5 4150. 3.643E 04 1.6572 
1 .OOOE-C5 3785. 2.897E 04 1.7442 
5.000E-C6 3641. 2.607E 04 1.7aoc 
l.OOOE-C6 3324. 1.996E 04 1.8624 
!.i.OOOE-C7 3192. 1.757E 04 1.896C 
l.OOOE-07 2nh4. 1.255E 04 1.9675 

PRESSURE DENSITY-.LS/FT3 
RATIG EQUlLo FROZEN 

CHAMBER 1.476E-03 1.476E-03 
THROAT 9.42 3E-04 9.529E-04 

l.OCOE-Cl 2.27 5E-04 3.524f-04 
1 .OOOE-CZ 3.129E-05 8.557E-05 
l.OOOE-03 4.075E-06 2.109E-05 
l.OOOE-C4 5.12qE-07 5.247E-06 
5.000E-C5 2.735E-07 
l.OOOE-C5 6.313E-08 
5,OOOE-C6 3.350E-00 
l.OOOE-C6 7.674E-09 
5.0DOE-C7 4.069E-09 
l.OOOE-07 9.409f-10 

PRE SSUPE NOZZLE AREA RATIO 
RAT IO EQUIL. FROZEN 

THROAT l.OQOE 00 l.OOOE 00 
l.OOOE-Cl 2.243E 00 1.7llE 00 
l.O00f-C2 1.254E 01 5.921E 00 
l.OOOE-C3 8.427E 01 2.269E 01 
l.OOOE-C4 6.154E 02 8.931E 01 
5.000E-C5 1.132E 03 
l.OOOE-C5 4.717E 03 
5.000E-C6 8.762E 03 
l.OOOE-Gb 3.71.6~ c4 
5. DOOE--C7 b.933E 04 
l.OOOE-07 2.932E 05 

VELOCITY-FT/SEC 
EQUIL. FROZEh 

22323. 23850. 
41230. 37703. 
53610. 44863. 
61256. 47481. 
66623. 48499. 
67948. 
70642. 
71662. 
73767. 
i4573. 
76239. 

CACH NUMBER 
ECUIL. FRCZEN 

1 .coo l.OOC 
2.198 2.133 
3.404 3.931 
4.481 6.503 
5.503 10.453 
5.805 
6.500 
6 -798 
7.494 
7.796 
8.503 

iDEAL ISP-SEC VAC ISP-SEC 
EQUIL. FROZEN ECUIL. FROZEN 

693.8 741.3 1259.5 1203.3 
1281.5 1171.8 15c7.1 1331.1 
1666.3 1394..4 1792.4 1449*5 
1903.9 1475. e 19e8.7 1496.9 
2070.7 1507.4 2132.6 1515.7 
2;11..9 2168.8 
2195.6 2243.1 
2227.3 2271.4 
2292.7 233C.l 
2317.8 2352.7 
2369.6 23S9.1 
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TABLE 61 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSUPE OF 
10. ATV AYO A STAG’lATIC”( TEMPERATURE OF 12COO. CEG R 

THROAT FLCW PARAMETERLEQUIL. 1 = 201.81 LB-SURTCCEG RI/SEC-FTZ-ATT’ 
THKDAT FLCirJ P dRAMETER( FROZEN J = 213.17 LB-SQRTfCEG RI/SEC-FTZ-ATY 

PAX WT FLOW PER U+JIT AREAIEQUIL.1 = la.423 LB/SEC-FTZ 
CAX WT FLOW PER UNIT AREbTFROZENl = 19.46C LB/SEC-FT2 

THROAT PRESSURE RATIO(EQUIL.1 = 0.52SC 
THROAl PRESSURE .RATIO(FROZENl = 0.4612 

ENTROPY = 3.777E 01 BTU/LB-DEG f? 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECLLAR WT. 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECLIL. FRCZEN 

CHAMBER 12000. 12000. 1.475E 05 1.475E C5 1.c211 1.0211 
1HROAT 10115. 8845. 1.353E 05 1.333E 05 1.c433 1.0211 

l.OOOE-01 7708. 4831. 1.086E 05 1.135E C5 1.1311 1.0211 
l.OOOE-C2 6123. 1937. 8.245E 04 9.931E 04 1.2645 1.0211 
l.OOOE-c3 5143. 774. 6.314E 04 9.363E C4 1.3957 1.0211 
l.OOOE-04 4441. 309. 4.815E 04 9.136E 04 1.5231 1.0211 
S.OOOE-C5 4?64. 4.426E 04 1.5607 
l.OOOE-C5 3098. 3.612E 04 1.6464 
5.000E-C6 3756. 3.296E 04 1 .t82f 
l.OOOE-06 3454. 2.627E 04 1.7645 
5.000E-07 3332. 2.365E 04 1.7995 
l.OOOE-C7 3062. 1.809E 04 1.877C 

PRESSURE DENS1 TY-LB/FT3 
RATIO EQUIL. FROZEN 

CHAMBER 1.166E-03 I. 166E-03 
THROA 1 7.474E-04 7.2936-04 

l.OOOE-01 2.010E-04 2.895E-04 
l.OOOE-02 2.829E-05 7.221E-05 
1 .OOOE-03 3.718E-06 1.807E-05 
l.OOOE-c4 4.698E-07 4.530E-06 
5.000E-05 2.507E-07 
l.OOOE-C5 5.7856-08 
5.000E-C6 3.068E-08 
l.OOOE-C6 I.OOOE-09 
5.000E-07 3).699E-09 
l.OOOE-07 8.397E-10 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC LAC ISP-SEC 
RATIO EQUIL. FROZEN EOUIL. FROZEN ECUIL. FRCZEhl 

THROAT l.OOOE 00 l.OOOE 00 766.2 829.3 1373.7 1330.H 
l.OOOE-Cl 2.079E 00 1.630E 00 1370.3 1281.7 L6CS. 1 1458.9 
1 .OOOE-C2 1.141E 01 5.488E 00 1773.4 1526.2 19c4.4 1585.8 
l.OOOE-03 7.6266 01 2.074E 01 2019.5 1613.7 21C7.1 1636.2 
l.OOOE-C4 5.561E 02 8.105E 01 2191.7 1647.3 2255.6 1656.2 
5.000E-C5 1.022E 03 2234.2 ’ 2252.9 
l.OOOE-C5 4.26’;E 03 2320.6 2369.6 
5.000E-C6 7.930E 03 2353.3 2358.9 
l.OOOE-C6 3.379E 04 2421.1 2459.9 
5.000E-C7 6.326E 04 2447.1 24E3.4 
l.OOOE-C7 2.726E 05 2501.5 2532.8 

VELOC ITY-FT/SEC 
EQUIL. FROZEk 

CACH NLMBER 
ECUIL. FROZE& 

24650. 26683. 1 .coo i.000 
44089. 41237. 2.197 2.089 
57056. 49103. 3.437 3.924 
64977. 51919. 4.535 6.557 
70516. 53002. 5.572 10.593 
71883. 5.878 
74662. 6.579 
75716. 6.879 
77895. 7.574 
78733. 7.874 
80482. 8.576 
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TABLE 62 

PERFCRCANCE PARAMETERS FOR T-YCROGEN AT A STAGNATICN PRESSURE OF 
10. ATI’ AND A STAGNATICN TEMPERATURE OF 14CCO. CEG F 

THROAT FLCW PARAMEtER{ECUIL.) = 217.78 LB-SQRT(CEC RI/SEC-FTZ-ATC 
THROAT FLCW PLRAHETEA(FROZENJ * 213.98 LB-SQRTCCEG RJ/SEC-FTZ-ATC 

F’AX WT FLOW PER UNIT AREA(EQUIL.I = le.406 LB/SEC-F12 
PAX WT FLCw PER UNIT AREA(FROZENI = 18.085 LB/SEC-F12 

tHROAT PRESSURE RATICIEQUIL.) = 0.5571 
THROAT PRESSURE PATIOLFRCZEN) = 0.4636 

ENTROPY = 3.E66E 01 BTU/LB-DEG R 

PRE SSLRE TEMPERATURE-DEG R ENTI’ALPY-BTU/LB MCLECLLAR WT. 
RATIC EQUIL. FROZEN EQUIL. FROZEh ECLIL. FROZEN 

CHAMBER 14GOO. 14000. 1.591E 05 1.591E C5 1.0121 1.0121 
THROAT 11364. 10314. 1.446E 05 1.422E C5 1 .c19.c 1.0121 

1. OOOE-C 1 7966. 5597. 1.157E CS 1.190E C5 1 .c954 1.0121 
l.OOOE-C2 bi25. 2234. 8.797E 04 1.024E C5 1.2252 1.0121 
l.OOOE-C3 5208. 890. 6.777E 04 9.583E 04 1.3543 1.0121 
l.OOOE-C4 4492. 355. 5.214E 04 9.320E C4 1.4757 1.0121 
5.000E-C5 4314. 4.810E 04 1.517C 
1. OOOE-C 5 3945. 3.9636 04 1.601E 
5.000E-C6 3803. 3.634E 04 1.637E 
l.OOOE-C6 3502. 2.938E 04 1.719c 
S.OOOE-C7 3383. 2.665E 04 1.754; 
l.OOOE-C7 3122. 2.085E 04 l-832? 

PRESSURE DENSITY-LB/F13 
RATIC EQUIL. FROZEN 

CHAWBEP 9.903E-04 9.903E-04 
THROAT 6.847E-04 6.232E-04 

l.OOOE-C 1 1.884E-04 2.477E-04 
1. OOOE-C 2 2.696E-05 6.207E-05 
1.000E-C3 3.567E-06 1.557E-05 
l.OOOE-C4 4.513E-07 3.909E-06 
5.000E-C5 2.409E-07 
l.OOOE-C5 5.562E-08 
5.000E-C6 2.95CE-08 
l.OOOE-C6 6.726E-09 
5.000E-C7 3.552E-09 
l.OOOE-C7 8.04OE-10 

PRE SSUPE NOZZLE AREA RATIO IDEAL I SP-SEC bAC ISP-SEC 
RATIC EOUIL. FROZEN EQUIL. FROZEh ECLIL. FRCZEk 

THROAT l.COCE 00 l.OOOE 00 835.5 902.C 1476.0 1444.4 
l.OOOE-C 1 2.096E 00 1.630E 00 1448.7 1391.5 1689.7 1582.7 
l.OOOE-C2 1.144E 01 5.473E 00 1854.1 1654.7 19e5.6 1718.7 
1. OOOE-C 3 7.644E 01 2.0656 01 2101.1 1748.5 2iee.9 1772.7 
i.OOOE-C4 5.535E 02 8.059E 01 2273.8 1784. t 2337.9 1794.c 
5.000E-C5 1.025E 03 2316.4 2375.4 
l.OOOE-C5 4.280E 03 2403.2 2452.4 
5.OOOE-C6 7.961E 03 2436.1 24E1.8 
i.OOCE-C6 3.396E 04 2504.2 2543.2 
5. OOOE-C 7 6.3666 04 2530.4 25t7.C 
l.OOOE-C7 2.752E 05 2585.2 261C.S 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

26882. 
46611. 
59652. 
67600. 
73157. 
74529. 
77319. 
78378. 
80569. 
81413. 
83177. 

29020. 
44784. 
53238. 
56257. 
57416. 

)‘ACH NUCBER 
ECLIL. FROZEN 

1 .coo 1.000 
2.241 2.094 
3.503 3.946 
4.t15 6.591 
5.664 LC.656 
5.S72 
6 -680 
6.983 

.7 -683 
7.984 
8.686 
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TABLE 63 

PERFCRHANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSUPE DF 
10. Alp AND A STAGNATICN TEMPERATURE OF 16CCO. CEG F 

THROAl FLCW PARAHETER(ECUIL.1 = 220.02 LB-SQRTTCEG RI/SEC-FTZ-ATM 
THROAT FLCW PARAHETER(fROZENI = 222.80 LB-SQRTfCEE RI/SEC-FT2-ATM 

FAX WT FLCW PER UNIT AREATEQUIL.) = 17.394 LB/SEC-F12 
PAX WT FLOW PER UNIT AREA(FROZEN) = 17.614 LB/SEC-F12 

THROAT PRESSURE RATIO(EQUIL.~ = 0.5503 
THROAT PRESSURE RATIOTFROZEN) = 0.4876 

ENTROPY = 3.S35E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECCLAR WT. 
RATIC EQUIL. FROZEN EQUIL. FROZEN ECLIL. FROZEN 

CHAMBER 16000. 16000. 1.694E 05 1.694E O5 1 .co97 l.COS7 
THROAT 12715. 12014. 1.526E 05 1.497E C5 1.0126 1.0097 

1. OOOE-C 1 8224. 6361.. 1.212E 05 1.220E CS 1.c701 1.0097 
l.OOOE-C2 6310. 2478. 9.230E 04 1.033E C5 1.196; 1.0097 
l.OOOE-03 5259. 948. 7.138E 04 9.606E C4 1.3236 1.0097 
l.OOOE-C4 4531. 360. 5.526E 04 9.330E C4 1.4475 l.CC97 
5.000E-C5 4350. 5.108E 04 1.484t 
l.OOOE-C5 3979. 4.237E 04 1.5686 
5. OOOE-C 6 3836. 3.897E 04 l-604? 
l.OOOE-C6 3536. 3.18lE 04 1.6856 
5.000E-C7 3417. 2.900E 04 1.72CC 
l.OOOE-07 3161. 2.302E 04 1.7982 

PRESSURE DENSITY-LB/F13 
RATIC EQUIL. FROZEN 

CHAMBE P 8.645E-04 8,645E-04 
THROAT 6.004E-04 5.613E-04 

l.OOOE-C 1 1.782E-04 2.175E-04 
l.OOOE-C2 2.597E-05 5,582E-05 
l.OOOE-C3 3.448E-06 l,458E-05 
l.OOOE-C4 4.378E-07 3.844E-06 
5.oOOE-C5 2.338E-07 
l.OOOE-C5 5.401E-08 
5.000E-C6 2.864E-08 
l.OOOE-Ch 6.53 lE-09 
5.000E-07 3.448E-09 
l.OOOE-07 7.794E-10 

PRESSURE NOZZLE AREA RATIO IDEAL I SP-SEC LAC 1 SP-SEC 
RATIO EQLIL. FROZEN EQUIL. FROZEh ECLIL. FRCZEN 

THROAT l.OoCE 00 1,OOOE OC 900.5 975.3 1569.9 1561.C 
l.OOOE-Cl 1.988E 00 1.663E 00 1525.9 1514.1 1767.7 1713.8 
l.ooOE-C2 1.078E 01 5.485E 00 1930.8 1787.5 2061.9 1853.8 
l.OOOE-C3 7.202E 01 1.993E 01 2177.0 1883.1 2264.6 1907.0 
l.OOOE-C4 5.257E 02 7.426E 01 2349.3 1918.1 24 13.2 1927.1 
5.000E-C5 9.66gE 02 2391.8 245C.6 
l.OOOE-C5 4.039E 03 2478.4 25i7.5 
5. OOOE-C 6 7.516E 03 2511.3 2557-C 
l.OOOE-C6 3,20gE 04 2579.3 261e.4 
5.000E-C7 6.018E 04 2605.6 2642.2 
l.OOOE-C7 2.607E 05 2660.5 2652.2 

VELOC I TY-FT/SEC 
EQUIL. FROZEN 

28972. 
49094. 
62121. 
70043. 
75586. 
76955. 
79740. 
80798. 
82987. 
83831. 
85597. 

31379. 
48714. 
57525. 
60587. 
61714. 

PACH NUMBER 
ECLIL. FROZEN 

1 .coo l.OCC 
2.287 2.124 
3.576 3.987 
4.702 6.755 
5.762 11.147 
6.074 
t .7ea 
7.c93 
7.799 
8.102 
8..!!07 
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TA@LE 64 

PERFCRCANCE PARAMETERS FOR FYDROGEN AT A STAGNATICN PRESSURE CF 
10. ATM AND A STAGNATICN TEHPERATLRE OF 18CC0. CEG F 

THROAT FLCW PARAHETER(EQUIL.1 = 221.03 LB-SQRTtCEG RI/SEC-FTZ-ATM 
THROAT FLCW PARAHETERtFROZEN) = 222.73 LB-SQRTC CEC RI /SEC-FT2-ATM 

CAX kT FLCW PER UNIT AREA(EOUIL.1 = 16.474 LB/SEC-F12 
lrAX kf FLOW PER UNIT AREAtFROzEN) = 16.601 LB/SEC-F12 

THROAT PRESSURE PATIO(EQUIL. 1 = 0.5422 
THROAT PRESSURE PATIOlFROZEN) = 0,4e75 

ENTROPY = 3.595E 01 BTU/LB-DEG R 

PRESSURE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
S.OOOE-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-C7 

PRESSURE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
1 .OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
S.OOOE-C7 
l.OOOE-C7 

PRESSLPE 
RATIC 

THRCAT 
l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5. OOOE-C 5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
S.OOOE-07 
l.OOOE-07 

TEMPERATURE-DEG R 
EQUIL. FROZEN 
1BCOO. 18CO0. 
14143. 13513. 

8519. 7161. 
6387. 2796. 
5302. 1072. 
4563. 407. 
4380. 
4CO6. 
3863. 
3562. 
3444. 
3190. 

DENSITY-LB/F13 
EQUIL. FROZEN 

7.678E-04 7.678E-04 
5.304E-04 4.986E-04 
1.689E-04 1.930E-04 
2.514E-05 4.943E-05 
3.354E-06 1.289E-05 
4.267E-07 3.395E-06 
2.279E-07 
5.269E-08 
2.795E-08 
6.37?E-09 
3.364E-09 
7.59EE-LO 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOoE 00 l.OOOE OC 
1.88SE 00 1.664E OC 
1.014E 01 5.501E 00 
6.777E 01 2.002E 01 
4.951E 02 7.463E 01 
9.109E 02 
3.808E 03 
7.08RE 03 
3.029E 04 
5.683E 04 
2.465E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

1.794E 05 1.794E 05 
1.601E 05 1.573E C5 
1.262E 05 1.260E 05 
9.605E 04 1.050E c5 
7.450E 04 9.679E 04 
5.794E 04 9.367E C4 
5.366E 04 
4.473E 04 
4.125E 04 
3.391E 04 
3.103E 04 
2.490E 04 

MCLECLLAR kT. 
ECUIL. FROZEN 
1 .CO8S 1.00@9 
1.0101 i .ooes 
1.050‘ 1.0089 
1.1724 1.0089 
1.298: 1.0089 
1.4212 l.OC@S 
1.4577 
1.541c 
1.5764 
1.6572 
1 .t915 
1.7695 

VELOCITY-FT/SEC 
EQUIL. FROZEh 

MACH NUMBER 
ECLIL. FHOZ EN 

31058. 33295. I-CCC l-CCC 
51625. 51691. 2.332 2.125 
64603. 61055. 3.t5t 3.985 
72471. 64316. 4.796 6.745 
77981. 65517. 5.867 11.125 
79342. 6.182 
82114. 6.904 
83167. 7.212 
85348. 7.923 
86189. 8.229 
87950. a.939 

IDEAL ISP-SEC 
EQuIL. FROZEh 

965.3 1034.E 
1604.5 1606.6 
2007.9 1897.7 
2252.5 1999.c 
2423.7 2036.3 
2466.0 
2552.2 
2584.9 
2652.7 
2678.8 
2733.6 

LAC ISP-SEC 
ECLIL. FROZEN 

lCC1.7 1t5t. 3 
le47.2 1818.7 
2138.2 1967.8 
2339.5 2024.5 
24E7.3 2C45.8 
2524.5 
26Cl.l 
261C.4 
2651.6 
2715.3 
2765.3 
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TABLE 65 

PERFCRCANCE PARAMETERS FOR t-YDROGEN AT A STAGNATICN PRESSURE OF 
10. ATk AND A STAGNATICN TEHPERATbRE OF ZCCCO. CEG P 

THROAT FLCW PARAMETERIEQUIL.) = 210.65 LB-SCRTjCEC RI/SEC-FTZ-ATM 
THROAT FLCW PARAHETER(FROZENl = 221.23 LB-SQRTtCEG RI/SEC-FT2-ATP 

PAX WT FLOW PER UNIT AREA(EQUIL.1 = 14.8C5 LB/SEC-FT2 
PAX WT FLOW PER UNIT AREAtFROZEN) = 15.644 LB/SEC-FT i 

‘IHROAT PRESSURE PATIO(EQUIL.) = 0.5281 
THROAT PRESSURE PATIOfFROZEN) = 0.4&75 

ENTROPY = 4.C97E 01 BTU/LB-OEG R 

PRESSLPE TEHPERATCRE-OEG R ENTHALPbBTU/LB MCLEClLAR WT. 
RATIC EQUIL. FRGZEN EQUIL. FROZEh; ECLIL. FRCZEN 

CHAMBER 2ocoo. 20000. 1.983E 05 1.983E 05 0.5954 0.9954 
THRGAT 16665. 15015. 1.75OE C5 1.734E OE 1 .CC5’ 0.9954 

1. OOOE-C 1 9354. 7963. 1.353E 05 1.382E C5 l.C23C 0.9954 
l.OOOE-C2 6539. 3118. 1.027E 05 1.144E C5 1.133 1 0.9954 
l.OOOE-C3 5380. 1198. 7.997E 04 1.052E Of 1.2562 0.9954 
l.OOOE-C4 4617. 456. 6.264E 04 1.016E c5 1.377c 0.9954 
5.0OOE-C5 4431. 5.817E 04 1.412E 
l.OOOE-C5 4C52. 4.8BSE 04 1.4945 
5.000E-C6 3907. 4.522E 04 1.529E 
l.OOOE-C6 3605. 3.753E 04 1.609t 
S.OOOE-C7 3487. 3.4576 04 1.643: 
l.OOOE-C7 3235. 2.81BE 04 1.72CS 

PRESSLPE DENSITY-LB/FT3 
RATIC EOUIL. FROZEN 

CHACBER 6.818E-04 6.818E-04 
THROAT 4.365E-04 4.427E-04 

I. OOOE-0 1 11499E-04 1.712E-04 
l.OOOE-C2 2.374E-05 4.373E-05 
l.OOOE-C3 3.199E-06 l.l3BE-05 
l.OOOE-C4 4.085E-07 2.990E-06 
S.OOOE-C 5 2.184E-07 
l.OOOE-C5 5.054E-08 
5.000E-C6 2:682E-08 
l.OOOE-C6 6.116E-09 
S.OOOE-C7 3.228E-09 
l.OOOE-C7 7.287E-LO 

PRE SSLPE NOZZLE AREA RATIO IDEAL ISP-SEC bAC 1 SP-SEC 
RATIC ECUIL. FROZEN EQUIL. FROZEN ECLIL. FROZE& 

THROAT l.OOOE 00 l.OOOE 00 1060.7 1098.2 1810.9 1757.7 
l.OOOE-Cl 1.769E 00 1.665E OC 1745.9 1705.1 1957.2 1930.3 
l.OOOE-C2 9.06SE 00 5.519E OC 2150.7 2014.5 2279.6 2089.1 
l.OOOE-C3 6.05OE 01 2.013E 01 2392.3 2122.5 2478.2 2149.7 
l.OOOE-C4 4.424E 02 7.519E 01 2561.4 2162.4 2654.3 2172.5 
!i.OOOE-C 5 B.143E 02 2603.3 26tl.l 
l.OOOE-05 3.407E 03 2688.5 2736.9 
5.000E-C6 6.34CE 03 2720.9 2765.9 
l.OOOE-C6 2.715E 04 2788.0 2826.6 
S.OOOE-C7 5.0966 04 2813.9 28CC.l 
l.OOOE-07 2.215E 05 2868.3 285S.8 

VELOC ITY-FT/SEC 
EQUIL. FROZEh 

34127. 
56174. 
69197. 
76969. 
82411. 
83757. 
86498. 
87541. 
89701. 
90535. 
92284. 

35335. 
54860. 
64814. 
68288. 
69572. 

PACH NL)rBER 
ECUIL. FRCZEN 

l.COC 1.000 
2.366 2.126 
3.797 3.983 
4.970 6.734 
6.064 11.094 
6.385 
7.121 
7.435 
8.159 
0.469 
9.189 
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7ABLE 66 

PERFCRYANCE PARAMETERS FCR k;YDROGEN AT A STAGNATICN PRESSURE CF 
10. ATC AN0 A STAGNATICN TEMPERATURE OF ‘CCCO. CEG P 

THRbAT FLCW PbRAHETER(EOlJIL.1 = 179.20 LB-SORT(CEG RI/SEC-FTZ-ATC 
THROAT FLCbi PARAMETER(FROZENJ = 198.61 LB-SORTICEC RI/SEC-FT2-ATM 

PAX kT FLCW PER UNIT AREL(ECUIL.1 = 10.346 LB/SEC-FT 2 
PAX WT FLOW PER UNIT AREb(FROZEN1 = 11.467 LB/SEC-FT i 

1HROAT PRESSURE PATIO(EOUIL.1 = 0.5C6C 
THROAT PRESSURE AATIO~FROZEK) = 0.4B8C 

ENTROPY = 4.S47E 01 BTU/LB-DEG A 

PRESSURE TEMPERATURE-OEG R 
R4TIC EQUIL. FROZEN 

CHA?‘BEP 3ocoo. 30000. 
THROAT 27913. 22679. 

l.OOOE-C 1 22 580. 12044. 
l.OOOE-C2 16398. 4773. 
l.OOOE-C3 7eee. 1868. 
l.OOOE-C4 5 181. 725. 
5.00OE-C5 4901. 545. 
l.OOOE-C5 4403. 280. 
5.OOCE-C6 4229. 
1. OOOE-C 6 3q82. 
5.000E-C7 3752. 
laOOOE-07 3484. 

PRESSLRE 
RATIC 

CHAMRER 
THROA 1 

1.000t-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
1. OOOE-C 6 
5.000E-C7 
l.OOOE-C7 

PRESSLRE 
RATIC 

THROAT 
1. OOOE-C 1 
l.OOOE-C2 
i. OOOE-C 3 
l.OOOE-C4 
5.000E-C 5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-07 

DENSITY-LB/FT3 
EQUIL. FROZEN 

3.69tE-04 3.696E-04 
2.317E-04 2.386E-04 
5.502E-05 9.206E-05 
8.253E-06 2.323E-05 
1.75 3E-06 5.9366-06 
2.866E-07 1.529E-06 
1.557E-07 l.O18E-06 
3.687E-08 3.955E-07 
1.96 8E-08 
4.53LE-09 
2.400E-09 
5.440E-10 

NCllZLE AREA RATIO 
EQUIL. FRCZEN 

l.OOCE 00 l.OOOE 00 
2.250E 00 1.667E 00 
1.159E 01 5.585E 00 
4.916E 01 2.072E 01 
2.875E 02 7.890E 01 
5.239E 02 1.182E 02 
2.170E 03 3.029E 02 
4.0346 03 
1.725E 04 
3.240E 04 
1.413E 05 

ENTHALPI-BTU/LB 
EQUIL. FROZEh 

4.189E 05 4.189E 05 
3.791E 05 3.728E CS 
2.7946 05 3.0736 C5 
1.851E OS 2.629E CL 
1.308E 05 2.454E CS 
1.040E 05 2.385E CS 
9.770E 04 2.375E C5 
8.478E 04 2.359E C5 
7.983E 04 
6.946E 04 
6.542E 04 
5.685E 04 

HCLEClLAR kT. 
ECLIL. FROZEN 
O.BC94 0.8CS4 
0.834C 0.8CS4 
0.906% 0.8C54 
0.587% 0.8C94 
1 .CC92 O..8C54 
l.C83J 0.8C54 
1.1143 0.8094 
1.185< 0.8CS4 
1.215: 
1.2852 
1.315c 
1.383t 

VELOCITY-FT/SEC 
EQUIL. FROZEh 

PACH NLPBER 
ECLIL. FRCZEN 

44661. 48063. l.CCO l-CCC 
83565. 74731. 2.192 2.12e 

108177. 88374. 3.443 3.982 
120083. 93204. 5.56C 6.686 
125552. 95020. 7.684 lC.91@ 
126804. 95303. 8.119 12.628 
129329. 95715. 9.C62 17.671 
130284. 9.453 
132260. 10.339 
133023. 10.715 
134626. 11.578 

IDEAL ISP-SEC 
EQUIL. FROZEh 
138B.l i493.e 
2597.3 2322.7 
3362.2 2746.7 
3732.3 2896.5 
3902.3 2953.3 
3941.2 2962.1 
4019.7 2974.9 
4049.3 
4110.8 
4134.5 
4184.3 

bAC ISP-SEC 
ECUIL. FRCZEh 

2545.6 2394.4 
3057.5 2630.3 
3555.2 2B49.8 
3832.9 2935.1 
39Cl.l 2967.9 
3954.8 2973-C 
4cc4.0 298C .5 
4050.6 
4146.1 
41t7.6 
4213.2 
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TABLE 67 

PERFGRHANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
10. ATP AND A STAGNATICN TEMPERATURE OF 40CC0. CEG F 

THROAT FLCW PARAMETERLEQUIL. 1 = 152.24 LB-SQRTTCEG RI/SEC-FTZ-ATM 
THROAT FLCW PbRAMETERtFROZEN) = 166.97 LB-SGRTtCEC RI/SEC-FTZ-ATM 

CAX 
PAX 

PRESSURE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-CS 
l.OOOE-CS 
5. OOOE-C 6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-C7 

PRESSURE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-07 

PRESSURE 
RATIC 

THROAT 
l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-Cs 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5. OOOE-C 7 
l.OOOE-C7 

kT FLCW PER UNIT AREATEQUIL.1 = 7.612 LB/SEC-FT2 
WT FLOW PER UNIT AREP(FROZEN) = 8.348 LB/SEC-FTE 

THROAT PRESSURE RATIOTEQUIL.) = O.S?49 
THROAT PRESSURE RATIOTFROZEN) = 0.4512 

ENTROPY = 6.222E 01 BTU/LB-DEG R 

TEMPERATURE-DEG R 
EQUIL. FROZEN 
4ocoo. 4ocoo. 
36211. 30233. 
29157. 16023. 
22595. 6377. 
18828. 2S32. 
15673. 1003. 
14829. 759. 
12883. 397. 
1193s. 

8047. 
6C99. 
3597. 

DFNSITY-LB/FT3 
EQUIL. FROZEN 

1.93SE-04 1.939E-04 
1.188E-04 1.26OE-04 
3.04lE-05 4.841E-05 
4.3s t?E-06 1.216E-05 
5.929E-07 3.064E-06 
7.824E-08 7.731E-07 
4.241E-08 5.109E-07 
l.O3CE-08 1.953E-07 
S.664E-09 
1.716E-09 
l.l32E-09 
3.537E-10 

NOZZLE AREA RATIO 
EQUIL. FRO2 EN 

l.OOCE 00 l.OOOE 00 
2.201E 00 1.671E OC 
1.190E 01 5.62SE 00 
7.709E 01 2.117E 01 
S,41OE 02 8.225E 01 
9.8OSE 02 b.241E 02 
3.90SE 03 3.231E 02 
7.012E 03 
2.266E 04 
3.414E 04 
l.OB2E OS 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

8.97lE OS 8.971E CS 
8.150E OS 8.094E C5 
6.387E OS 6.843E OS 
4.665~ OS 5.997E OS 
3.432E OS 5.661E C5 
2.SlOE 05 5.527E C5 
2.27BE 05 S.5C6E CC 
1.80BE 05 5.474E C5 
1.633E CS 
1.319E 05 
1.223E OS 
1.073E CS 

MCLECCLAR WT. 
ECCIL. FROZEN 
0.566 i 0.5662 
0.5865 0.5662 
0.6471 0.5662 
0.7315 0.5t62 
0.8 145 0.5662 
0.8952 0.5662 
Ct.5182 0.5662 
0.9685 0.5662 
Cl.9865 
1.008C 
1 .CC8C 
l.C322 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

RACk NUMBER 
ECUIL. FRCZEN 

64090. 66247. l-COO l.CCC 
113727. 103202. 2.167 2.131 
146810. 122011. 3.438 3.992 
166523. 128728. 4.61C 6.678 
179843. 131297. 5.764 10.815 
183039. !31702. 6.116 12.47C 
189361. 132301. 6.963 17.316 
191660. 7 -344 
195724. 8.950 
196948. 10.588 
198833. 13.701 

IDEAL ISP-SEC 
EQUIL. FROZEN 
1992.0 2059.C 
3534.8 3207. t 
4563.0 3792.2 
5175.7 4001-c 
5589.7 4080-B 
5689.0 4093.4 
5885.5 4112-C 
5957.0 
6083.3 
6121.3 
6119.9 

LAC ISP-SEC 
ECLIL. FRCZEN 

3478.9 3304.0 
4146.6 3631.2 
4893.8 3934.0 
s35c.o 4C54.6 
s74c.1 4101.7 
5825.3 4109.2 
5954.1 412C.2 
60S4.5 
6146.3 
6168.8 
62 lC.O 
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TABLE 68 

PERFCRYANCE PARAMETERS FOR I-YCRGGEN AT A STAGNATICN PRESSURE CF 
10. ATlr AND A STAGNATICN TEMPERATURE OF LCCCC. CEG P 

THROAT FLCW PARAMETERT ECIUIL. 1 = 150.43 LB-SQRTTCEG RI/SEC-FTZ-ATM 
THROAT FLCR PARAMETERLFROZEN) = 158.80 LB-SQRTLCEG R)/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREATEQUIL.1 = 6.72B LB/SEC-FTi 
PAX WT FLOW PER UNIT AREA(FROZEN1 = 7.102 LB/SEC-FT2 

THROAT PRESSURE RATIOLEQUIL. 1 = 0.4922 
THROAT PRESSURE RATIOtFROZENl = 0.4882 

ENTROPY = 6.853E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R 
RATIC EQUI L. FROZEN 

CHAMBER 50000. 50000. 
THROAT 41566. 37656. 

l.OOOE-C 1 31775. 19999. 
l.OOOE-C2 24464. 7970. 
l.OOOE-C3 19963. 3186. 
l.OOOE-C4 16767. 1277. 
5.000E-C5 15962. 970. 
l.OOOE-C5 14281. 512. 
S.OOOE-C6 13614. 389. 
l.OOOE-C6 12112. 
S.OOOE-C7 11433. 
l.OOOE-C7 9c97. 

PRESSURE 
RATIC 

CHAMBE P 
THROAT 

l.oOoE-c 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OoaE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-C7 

PRESSURE 
RATIC 

THRCAT 
l.OOOE-0 1 
l.OOOE-C2 
l.OOoE-C3 
l.OOOE-C4 
5.000E-CS 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-a7 
l.OOOE-C7 

DENSITY-LB/FT3 
EQUI L. FROZEN 

1.410E-04 11410E-04 
8.580E-05 9.143E-05 
2.484E-OS 3.526E-05 
3.656E-06 8.848E-06 
5.017E-07 2.213E-06 
6.603E-08 5.524E-07 
3. S66E-08 3.636E-07 
8.4686-09 1.377E-07 
4.551E-09 9.065E-08 
1.077E-09 
5.822E-10 
1.514E-10 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.COCE 00 l.OOOE 00 
2.104E 00 1.668E 00 
1.121E 01 5.619E 00 
7.243E 01 2.129E 01 
5.112E 02 8.360E 01 
9.306E 02 1.266E 02 
3.790E 03 3.327E 02 
6.969E 03 5.048E 02 
2.873E 04 
5.27CE 04 
1.993E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

1.131E 06 1.131E a6 
1.008E 06 l.OllE Ct 
8.003E 05 @.398E C5 
S.927E 05 7.236E 05 
4.464E 05 6.772E C5 
3.374E 05 6.S87E c5 
3.099E 05 6.557E C5 
2.535E OS 6.512E 05 
2.320E 05 6.5OOE C5 
1.877E 05 
1.709E 05 
1.385E 05 

MCLECLLAR WT. 
ECCIL. FROZEN 
0.514e 0.5148 
a.5285 0.5148 
0.5762 0.5148 
0.653C 0.5148 
C-731 1 0.5148 
0.8082 0.5 148 
o.e31c 0.5148 
o.ea2 ( 0.5148 
0.904 ! 0.5148 
0.952- 
0.9715 
l.CCSC 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

T’ACH NUMBER 
ECLIL. FROZEN 

78413. 77674. l-COO l-CCC 
128684. 120772. 2.131 2.129 
164173. 142837. 3.484 3.992 
185144. 150743. 4.695 6.670 
199330. 153793. 5.862 lC.756 
202754. 154279. 6.211 12.382 
209602. 154999. 7.C27 17.120 
212154. 155193. 7.383 19.668 
217320. 8.236 
219253. 8.C23 
222913. 9.308 

IDEAL ISP-SEC 
EQUIL. FROZEh 
2437.2 2414.2 
3999.6 3753.7 
5 102.7 4439.5 
5754.5 4685.2 
6195.4 4780.1 
6301.8 479s. 1 
6514.6 4817.5 
6594.0 4823.5 
6754.5 
6814.6 
6928.3 

LAC 1 SP-SEC 
ECLIL. FRCZEN 

39E5.2 3868.9 
4661.5 4250.6 
5455.2 4tC6.9 
59e2.3 4748.7 
6356.2 4805.0 
6448.1 4814.0 
6633.9 4827.4 
67C3.5 4831.1 
6844.9 
6897.5 
6951.0 

75 



TABLE 69 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
10. ATP AND A STAGNATICN TEMPERATURE OF 75CC0. CEG F 

THROAT FLCk PARAHETERIEQUIL.) = 156.98 LB-SQRTICEG RI/SEC-FTZ-ATY 
THROAT FLCW PLRAMETERIFROZENI = 157.55 LB-SQRT(CEG RI/SEC-FTZ-ATY 

PAX WT FLOW PER UNIT AREbIEQUIL. 1 = 5.732 LB/SEC-FTi 
FAX WT FLOW PER UNIT AREPIFROZENI = 5.753 LB/SEC-FTi 

THROAT PRESSURE RATIO(EQUIL.1 = 0.4872 
THROAT PRESSURE RATIoIFROZEN) = 0.4e75 

ENTROPY = 7.308E 01 BTU/LB-CEG R 

PRESSLRE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-C 1 
l.CCOE-C2 
l.OOOE-C3 
1. OOOE-C 4 
S.OOOE-CS 
l.OoOE-CS 
5.000E-C6 
l.OOOE-C6 
S.OOOE-C7 
l.OOOE-C7 

PRESSI;PE 
RATIC 

CHACBER 
THROAT 

1. OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
S.OOOE-CS 
l.OOOE-C5 
5. OOOE-C 6 
l.OOOE-C6 
S.OOOE-07 
l.OOOE-07 

PRE SSLRE 
RATIG 

THROAT 
l.OOOE-C 1 
1 .OOOE-a2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-CS 
1. OOOE-C 5 
5.00CE-C6 
l.OOOE-C6 
S.OOOE-C7 
l.OOOE-07 

TEMPERATURE-CEG R 
EQUIL. FROZEN 
75coo. 75000. 
56681. 56303. 
35632. 29892. 
25835. 11901. 
20 e29. 4739. 
17472. 1887. 
16650. 1431. 
14973. 752. 
14329. 570. 
12967. 299. 
12421. 
11186. 

DENS1 TY-LB/FT3 
EQUIL. FROZEN 

9.220E-05 9.220E-05 
S.96CE-05 5.988E-05 
2.033E-05 2.313E-OS 
3.162E-06 S*811E-06 
4.402E-07 1.459E-06 
5.82 2E-08 3.664E-07 
3.144E-08 2.417E-07 
7.452E-09 9.198E-08 
3.995E-09 6*068E-08 
9.34lE-10 2.309E-08 
4.988E-10 
l.l64E-10 

NOZZLE AREA RATIO 
EQt IL. FROZEN 

l.COCE 00 l.OOOE 00 
1.867E 00 1.667E 00 
9.676E 00 5.613E 00 
6.243E 01 2.118E 01 
4.417E 02 8.269E 01 
8.0526 02 1.250E 02 
3.296E 03 3.2696 02 
6.080E 03 4.949E 02 
2.543E 04 1.298E 03 
4.722E 04 
1.991E 05 

ENTHALP t-BTU/LB 
EQUIL. FROZEh 

1.408E 06 1.408E 06 
1.223E 06 1.224E Ot 
9.5246 05 9.636E CS 
7.069E 05 7.865E 05 
5.391E 05 7.160E 05 
4.153E 05 6.879E 05 
3.841E OS 6.834E C5 
3.201E 05 6.768E C5 
2.956E 05 6.750E 05 
2.4496 OS 6.723E OS 
2.254E 05 
1.846E OS 

MCLEClLAR kT. 
ECUIL. FRCZEN 
0.504E 0.5048 
0.5C6 I 0.5048 
0.5287 0.5048 
0.5962 C-5048 
0.6694 0.5048 
‘0.7425 0. SO48 
0.7643 0.5048 
o.ei45 C. 5048 
O.e35E 0.5048 
o.ea41 0.5048 
0.9047 
O.FSCf 

VELOCITY-FT/SEC 
EQUrL. FROZEh 

PACH NLWBER 
ECLIL. FROZEN 

96182. 96084. 1 .ccc i.aoc 
151045. 149181. 2 .c90 2.13C 
187357. 176406. 3.620 3.991 
208578. 186140. 4.924 6.675 
222941. 189878. 6.141 10.789 
226415. 190470. 6.501 12.432 
233384. 191346. 7.334 17.228 
235993. 191581. 7.694 19.813 
241314. 191928. 8.536 27.380 
243333. 8.SCS 
247486. 9.789 

IDEAL ISP-SEC 
EQUIL. FROZEN 
2989.4 2986.4 
4694.6 4636.7 
5823.2 5482. S 
6482.8 5785.4 
6929.2 5901.t 
7037.2 5920-C 
7253.8 5947.2 
7334.9 5954.5 
7500.3 5965.3 
7563.0 
7692.1 

bAC ISP-SEC 
ECL;IL. FROZEN 

47E8.0 4779.5 
53f3.8 5249.8 
61eo.4 5689.3 
6713.3 5863.3 
70S2.3 5932.0 
71ES.8 5943.0 
7375.5 5959.3 
7447.1 5963.6 
7594.1 597c. 1 
76CC.2 
7765.6 
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TAELE 70 

PERFCRlAhCE FARAMETERS FOR kYCROGEN AT A STAGNATICN PRESSURE OF 
10. ATk AND b STAGNATICN TEMPERATURE OF 1CCCOO. CEG R 

THROAT’ FLCW PARAHETER(ECUIL.1 = l.57.47 LB-SQRT(CEG RI/SEC-FTZ-ATC 
THROAT FLCW PARAHETERfFROZEN) = 157.51 LB-SORTLCEG R)/SEC-FTZ-AT!’ 

FAX WT FLOW PER UNIT AREb(EPUIL.1 = 4.980 LB/SEC-FTE 
FAX WT FLOW PER UNIT AREACFROZENB = 4.98 1 LB/SEC-FT2 

THROAT PRESSURE PATIO(EOUIL.) = 0.4874 
THROAT PRESSURE PATIOCFROZEN) = 0.4C74 

ENTROPY = 7.594E 01 BTU/LB-DEG R 

PRESSLRE 
RATIC 

CHAMBER 
THRCAT 

l.OOOE-Cl 
l.OOOE-C2 
1 .OOOE-C 3 
l.OOOE-C4 
5. OOOE-C 5 
1.000E-C5 
S.OOOE-C6 
l.OOOE-C6 
S.OOOE-C7 
l.OOOE-C7 

PRESSURE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-c2 
l.OoOE-c3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-Cb 
l.OOOE-C6 
S.OOOE-C7 
l.OOOE-C7 

PRESSURE 
RATIC 

THROAT 
l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OO@E-c4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.oOOE-C6 
5.000E-C7 
i.OOOE-C7 

TEMPERATURE-DEG R 
EOUIL. FROZEN 

1c0c00. 100000. 
75078. 75032. 
41341. 39832. 
26910. 15858. 
21379. 6314. 
17E70. 2514. 
17 0 2 6. 1905. 
15321. 1001. 
14675. 759. 
13328. 399. 
12799, 
11655. 

DFNSI TY-LB/FT3 
EQUI L. FROZEN 

6.907E-05 6.907E-05 
4.486E-05 4.487E-05 
1.68SE-OS 1.734E-05 
2.877E-06 4.356E-06 
4.068E--07 l.O94E-06 
5.40 7E-08 2.748E-07 
2.923E-08 1.813E-07 
6.93 lE-09 6.901E-08 
3.715E-09 4.553E-08 
8.67CE-10 l..733E-08 
4.622E-10 
l.O69E-10 

NO?ZLE AREA RATIO 
EQL.IL. FROZEN 

l.OOOE 00 1,OOOE OC 
1.708E 00 1.667E 00 
8.274E 00 5.612E 00 
5.322E 01 2.117E 01 
3.772E 02 8.265E 01 
6.883E 02 1.249E 02 
2.8246 03 3.266E 02 
S.i!16E 03 4.944E 02 
2.19CE 04 1.296E 03 
4.077E 04 
1.7’35E 05 

ENTFALPY-BTU/LB 
EOUIL. FROZEN 

1.656E 06 1.656E 06 
1.4lOE 06 1.410E Ct 
1.061E 06 1.063E CC 
7.822E 05 8.269E C5 
5.9946 05 7.329E 05 
4.658E 05 6.955E CE 
4.322E 05 6.895E Of 
3.634E 05 6.805E C5 
3.371E 05 6.782E C5 
2.825E 05 6.746E Cf 
2.614E 05 
2.173E 05 

MCLECCLAR WT. 
ECUIL. FROZEN 
0.5042 0.5042 
0.5044 0.5042 
0.5091 0.5042 
0.565; 0.5042 
0.634F 0.5042 
0.7c53 C.5C42 
C.7265 0.5042 
0.7752 0.5042 
0.7955 0.5042 
O.P43! 0.5042 
0.8637 
0.909c 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

f’ACH NUMBER 
ECLIL. FROZEN 

111011. 111013. l.COO l-CCC 
172584. 172319. 2.112 2.13C 
209183. 203762. 3.749 3.991 
230022. 215004. 5.186 6.675 
244128. 219320. 6.465 10.791 
247545. 220003. 6.840 12.434 
254411. 221014. 7.702 17.234 
256985. 221285. 8.073 19.82C 
262249. 221686. 8.935 27.395 
264253. 9.316 
268397. lC.193 

IDEAL ISP-SEC 
EPUIL. FROZEh 
3450.3 3450.4 
5364.1 5355. E 
6501.6 6333.1 
7149.3 6682.5 
7587.7 6816.7 
7694.0 6837.9 
7907.3 6869.3 
7987.3 6877.7 
R151.0 6890.2 
8213.2 
8342.1 

bAC ISP-SEC 
ECUIL. FROZEN 

5521.5 5520.9 
6Oe9.9 6064.0 
6853.2 6571.5 
7375.5 6772.5 
7748-C 6851.8 
7840.2 6864.4 
8Ci7.3 6883.2 
8CSe.2 6888.2 
8244.0 6895.7 
8259.9 
8415.8 
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1ABLE 71 

PERFCRCANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE CF 
LO. ATP AND A STAGNATICN TEMPERATURE OF 15CCCO. CEG F 

THROAT FLCk PARAMETER(ECU1L.l = 157.51 LB-SQRTCCEC R)/ZEC-FTZ-ATM 
THROAT FLCk PARAMETERiFROZEN) = 157.51 LB-SQRTCCEG RI/SEC-FTZ-ATM 

FAX kT FLOW PER UNIT AREACEQUIL. 1 = 4.067 LB/SEC-F1 2 
CAX WT FLOW PER UNIT AREA(FROZEN1 = 4.067 LB/SEC-FT2 

THROAT PRESSURE RATIO(EQUIL.l = 0.4&!73 
THROAT PRESSURE RATIOIFROZEN) = 0.4@73 

ENTROPY = 7.594E 01 BTU/LB-DEG P 

PRESSUP E 
RATIC 

CHAMEE P 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
1.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.00OE-C6 
l.OOOE-C6 
S.OOOE-C7 
l.OOOE-07 

PRESSUPE 
RATIC 

CHAMBE P 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.00OE-C5 
l.OOOE-C5 
5.0OOE-C6 
l.OOOE-C6 
5.00OE-C7 
l.OOOE-C7 

PRE SSLRE 
RATIC 

THROAT 
l.OOOE-C 1 
l.OOOE-C2 
l.ODOE-C3 
l.OOOE-C4 
5.000E-C 5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-07 
l.OOOE-C7 

TEMPERATURE-DEG R 
EOUIL. FROZEN 

150c00. 15cooo. 
112520. 112520. 

59795. 59728. 
29283. 23787. 
22229. 9474. 
18409. 3774. 
17520. 2860. 
15753. 1503. 
15092. 1139. 
13733. 599. 
13209. 454. 
12 100. 

DENSITY-LB/FT3 
EQUIL. FROZEN 

4.603E-05 4.603E-05 
2.99CE-05 2.990E-05 
l.l55E-05 l.l56E-05 
2.470E-06 2.903E-06 
3.644E-07 7.289E-07 
4.897E-08 1.83OE-07 
2.652E-08 1.207E-07 
6.303E-09 4.594E-08 
3.380E-09 3.030E-08 
7.887E-10 l.l53E-08 
4.2026-10 7.608E-09 
9.68 tE-11 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

1.CCCE 00 l.OOOE OC 
1”66f?E 00 1.667E OC 
6.567E 00 5.613E 00 
4.124E 01 2.119E 01 
2.924E 02 8.273E 01 
5.339E 02 1.25OE 02 
2.196E 03 3.270E 02 
4.062E 03 4.95lE 02 
1.712E 04 1.299E 03 
3.193E 04 1.968E 03 
1.368E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZE& 

2.150E C6 2.150E CE 
1.780E 06 1.780E Ct 
1.260E 06 1.260E CC 
8.94lE 05 9.054E 05 
6.866E c5 7.643E C5 
5.383E 05 7.08lE C5 
5.013E 05 6.990E C5 
4.256E C5 6.8576 C5 
3.966E Cl5 6.821E C5 
3.366E 05 6.767E CC 
3.135E 05 6.753E C5 
2.649E 05 

MCLEClLAR WT. 
ECLIL. FROZE& 
0.5041 0.5041 
0.504 1 0.5041 
0.504? 0.5041 
0.528C 0.5041 
0.5914 0.504 1 
o.e5El1 c-5041 
0.6783 0.5041 
0.724F 0.5041 
0.744E 0.5c4 1 
0.79Ci 0.5041 
o.eicz 0.5041 
0.@551 

VELOCITY-FT/SEC 
EQUIL. FROZEh 

CACH NUYBER 
ECUIL. FROZEN 

135995. 135995. l.COO L-CCC 
211066. 211061. 2.130 2.13c 
250704. 249571. 3.856 3.992 
270629. 263345. 5.679 6.674 
284007. 268635. 7.123 10.788 
287251. 269473. 7.532 12.43C 
293780. 270713. 8 -464 17.225 
296232. 271044. 8.862 19.809 
301260. 271536. 9.781 27.376 
303179. 271668. 10.177 31.460 
307164. ll”lC3 

IDEAL ISP-SEC 
EQUIL. FROZEh 
4226.9 4226. S 
6560.1 6560-C 
7792.1 7756. S 
8411.4 8185.C 
8827.2 8349.4 
8928.1 8375.5 
9131.0 8414-C 
9207.2 8424.3 
9363.5 8439. c 
9423.1 8443.7 
9547.0 

PAC I SP-SEC 
ECLIL. FROZEN 

67t2.3 6762.3 
7427.9 7427.2 
81z3.8 8049.0 
8626-C 8295.3 
0975.3 8392.5 
9cc7.0 8408.0 
9245.2 e431.c 
9312.9 8437.2 
Y452.5 8446.4 
95C6.2 8448.8 
9618.1 
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TAE!LE 72 

PERFCRMANCE PARAMETERS FOR I-YDROGEN AT A STAGNATICN PRESSURE CF 
10. ATM AND A STAGNATICN TEMPERATURE OF ZCCCOO. CEG F 

THROAT FLCW PARAMETER(EQUIL.1 = 157.51 LB-SQRTtCEG RI/SEC-FTZ-ATM 
THROAT FLCW PARAMETER(FROZEN1 = 157.51 LB-SQRTtCEG RI/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREA(EQUIL.1 = 3.522 LB/SEC-FTi 
I’AX kT FLOW PER UNIT AREA(FROZEN1 = 3.522 LB/SEC-FT i 

THROAT PRESSURE RATIO(EQUIL.l = O-4.57? 
THROAT PRESSURE RATIOTFROZEN) = 0.4873 

ENTRCPY = 8.i77E 01 BTU/LB-DEG R 

PRESSURE 
RATIC 

CHAMBE P 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C 5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-07 
l.OOOE-C7 

PRESSURE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5. OOOE-C 5 
l.OoOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-C7 

PRESSURE 
RATIC 

THROAT 
1.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5. OOOE-C 5 
l.OOoE-C5 
5.000E-C6 
l.OOOE-C6 
s.OOOE-07 
l.OOOE-C7 

TEMPERATURE-DEG R 
EQUIL. FROZEN 

200c00. 200000. 
150018. 150020. 

79634. 79629. 
33212. 31707. 
22968. 12626. 
18800. 5028. 
17868. 3811. 
16C39. 2002. 
15361. 1518. 
13979. 797. 
13451. 604. 
12345. 318. 

DENSITY-LB/FT3 
EQLIL. FROZEN 

3.452E-05 3.452E-05 
2.243E-05 2.243E-05 
8.67lE-06 8.671E-06 
2.103E-06 2.178E-06 
3.362E-07 5.469E-07 
4.575E-08 1.373E-07 
2.481E-08 9.060E-08 
5.913E-09 3.449E-08 
3.173E-09 2.275E-08 
7.410E-10 8.660E-09 
3.948E-10 5.713E-09 
9.09CE-11 2.175E-09 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOCE 00 l.OOOE 00 
1.667E 00 l.667E OC 
5.809E 00 5.612E 00 
3.404E 01 2.118E 01 
2.403E 02 8.268E 01 
4.388E 02 1.249E 02 
1.806E 03 3.267E 02 
3.343E 03 4.947E 02 
1.411E 04 1.297E 03 
2.634E 04 1.965E 03 
1.131E 05 5.159E 03 

ENTHALPY-BTU/LB 
EQUIL. FROZEh 

2.643E 06 2.643E 06 
2.150E 06 2.150E C6 
1.456E 06 1.456E CC 
9.818E 05 9.836E C5 
7.506E 05 7.955E C5 
5.911E 05 7.206E C5 
5.515E 05 7.086E C5 
4.706E 05 6.906E CC 
4.398E 05 6.860E c5 
3.759E 05 6.789E CS 
3.513E 05 6.770E C5 
2.996E 05 6.741E C5 

MCLECILAR IJT. 
ECLIL. FROZEN 
0.504C 0.5040 
0.504c 0.5040 
0.5041 0.5040 
0.509) 0.5040 
0.563F 0.5040 
0.627e 0.504c 
o.t47i 0.504c 
O"C92f 0.5040 
0.711t 0.5040 
C-7562 0.5040 
0.775: 0.5040 
0.@191 0.5040 

VELOCITY-FT/SEC 
EQUIL. FROZEh 

CACh NUMBER 
ECLIL. FROZEN 

157042. 157042. l.COO l.OCC 
243714. 243715. 2.130 2.13C 
288332. 288178. 3.937 3.992 
307749. 304078. 6.C53 6.675 
320461. 310183. 7.725 10.79c 
323539. 311150. 8.174 12.433 
329736. 312581. 9.183 17.231 
332066. 312963. 9.6C9 19.8lt 
336848. 313530. 10.590 27.388 
338676. 313682. 11.011 31.474 
342477. 313908. 11.991 43.453 

IDEAL I SP-SEC 
EQUIL. FROZEh 
4881.0 4881-C 
7574.9 7574.9 
8961.7 8956.9 
9565.2 9451°C 
9960.2 9640-E 

10055.9 9670-e 
10248.5 9715.3 
10320.9 9727.2 
10469.6 9744-e 
10526.4 9749.6 
10644.5 9756-t 

VAC ISP-SEC 
ECLIL. FROZEN 

78C8.6 7808.6 
8576.2 8576.2 
931c.7 9294.0 
97tS.6 9578.3 

101C4.6 9690.5 
lOlF7.7 97C8.4 
10357.1 9734.9 
10421.4 9742.1 
10554.3 9752.6 
106C5.5 9755.5 
10712.5 9759.7 
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TABLE 73 

PERFCRHANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
20. ATP AND A STAGNATICN TEMPERATURE OF 5cco. CEG F 

THROAT FLCk PARACETERIECUIL.) = 284.27 LB-SQRlfCEC RI/SEC-FTZ-ATM 
THROAT FLCW PARACETERIFROZENI = 288.45 LB-SQRTICEE RI/SEC-rT2-ATC 

PAX kT FLOW PER UNIT ARECIEQUIL.1 = 80.405 LB/SEC-FT : 
PAX WT FLOW PER UNIT AREbtFROZEN) = 01.585 LB/SEC-FT ; 

THROAT PRESSURE RATIOIEQUIL.) = 0.5521 
THROAT PRESSURE PATIOIFROZEN) = 0.5443 

ENTROPY = 2.C93E 01 BTU/LB-DEG R 

PRESSURE TECPERATURE-OEG R 
RATIC EQUIL. FROZEN 

CHAMBER 5coo. 5coo. 
THROAT 4464. 4342. 

l.OOOE-Cl 3CL4. 2867. 
l.OOOE-C2 1633. 1528. 
l.OOOE-C3 853. 748. 
l.OOOE-C4 440. 339. 

ENTHALPY-BTU/l8 
EQUIL. FROZEN 

1.982E 04 1.982E 04 
L.703E 04 1.700E 04 
1.077E 04 l.lOOE 04 
5.625E 03 6.094E 03 
2.897E 03 3.577E C3 
1.4796 03 2.387E 03 

HCLECfLAR WT. 
ECLIL. FROZEN 
1.999; 1.9992 
2.009 ! 1.9992 
2.C15 t 1.9992 
2.G16 f 1.99S2 
2.C16C 1.9992 
2.OlCC 1.9992 

PRESSURE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 

DENSITY-LR/FT3 VELOCITY-FT/SEC FACH NUPIBER 
EQUIL. FROZEN EQUIL. FROZEk ECLIL. FROZEN 

l.O95E-02 l.O95E-02 
6.808E-03 6.866E-03 11811. 11882. 1 .coo L-CCC 
1.833E-03 1.911E-03 21289. 21015. 2.138 2.147 
3.383E-04 3.584E-04 26657. 26213. 3.569 3.579 
6.478E-05 7.321E-05 29106. 28515. 5.369 5.418 
1.254E-05 1.615E-05 303013. 29541. 7.749 8.158 

PRESS~IRE NOZZLE AREA RATIO IDEAL ISP-SEC b4C I SP-SEC 
RATIO EQUIL. FROZEN EQUIL. FROZE& ECLIL. FROZEN 

THROAT l.COOE 00 l.COOE 00 367.1 369.3 657.7 651.6 
l.OOOE-C 1 2.061E 00 2.032E 00 661.7 653.2 770.2 758.6 
l.OOOE-C2 8.916E 00 8.685E OC 828.5 814.7 875.4 859.6 
l.OOOE-C3 4.264E 01 3.908E 01 904.6 886.3 927.1 906.6 
l.OOOE-C4 2.116E 02 1.710E 02 941.8 918.2 952.9 927.0 
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lA@LE 74 

PERFCRPANCE PARAMETERS FOR bYDROGEN AT A STAGNATICN PRESSURE CF 
20. ATCl AND A STAGNATICN TEHPERATLRE OF tcoo. CEG F 

THROAT FLCW PARACETER(EQUIL.1 = 274.43 LB-SQRTLCEG RI/SEC-FT2-ATM 
THROAT FLCW PARAk’ETERIFROZEN) = 283.38 LB-SQRTTCEG RI/SEC-FTZ-ATC 

PAX WT FLOW PER UNIT AREALEQUIL.) = 70.85C LB/SEC-FTi 
PAX NT FLOW PER UNIT AREAfFROZENl = 73.168 LB/SEC-FTi 

THROAT PRESSURE RATIO( EQUCL. 1 = 0.5t6C 
THROAT PRESSURE RATIOfFROZEN) = 0.5446 

ENTROPY = 2.237E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-OEG R ENTHALPY- 
RATIC EOLIIL. FROZEN EQUIL. 

CHA?“BER 6000. 6000. 2.775E 04 
THRGAT 5555. 5213. 2.439E 04 

l.OOOE-Cl 4190. 3452. 1.592E 04 
l.OOOE-C2 2424. 1859. 8.50lE 03 
1. OOOE-C 3 1287. 922. 4.410E 03 
l.OOOE-C4 C69. 422. 2.264E 03 
!i.OOOE-C5 549. 1.849E 03 
l.OOOE-C5 344. 1.153E 03 

PRESSUPE DENSITY-LB/F13 
RATIC EQUIL. FRGZEN 

CHAf’BER B.816E-03 8.816E-03 
THROAT 5.463E-03 5.526E-03 

l.OOOE-Cl 1.313E-03 1.532E-03 
l.OOOE-C2 2.279E-04 2.845E-04 
l.OOOE-C3 4.29CE-05 5,74OE-05 
l.OOOE-C4 8.251E-06 1.253E-05 
5.000E-C5 5.033E-06 
l.OOOE-C5 1.605E-06 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC VAC ISP-SEC 
RATIG EQUIL. FROZEN EQUIL. FROZEh ECLIL. FROZEN 

THROAT l.OOOE 00 l.OOOE 00 403.1 411.5 741.2 726.5 
l.OOOE-Cl 2.218E 00 2.037E OG 756.3 728.5 8EB.8 846.3 
l.OOOE-C2 l.OOlE 01 8.786E OC 964.9 909.7 1024.7 960.5 
l.OOOE-C3 4.831E 01 3.999E 01 1062.5 990.9 1051.3 lC14.C 
l.OOOE-C4 2.404E 02 1.766E 02 1110.2 1027.4 1124.6 lC37.6 
5.000E-C5 3.90SE 02 1119.2 113c.9 
l.OOOE-C5 1.210E 03 1134.2 1141.4 

BTU/LB 
FROZEk 

2.7756 04 
2.425E 04 
1.678E 04 
1.064E C4 
7.45lE C3 
5.926E C3 

VELOCITY-FT/SEC PACh NUCBER 
EQUIL. FROZEh ECLIL. FRCZEN 

12970. 13240. 1 .ccc l.OOC 
24335. 23439. 2.132 2.145 
31044. 29270. 3.447 3.574 
34184. 31880. 5.141 5.384 
35721. 33055. 7.428 8.063 
36010. 8.262 
3649 1. 10.539 

HCLEC 1LAR hT. 
ECLIL. FRCZEN 
1.93c7 1.93c7 
1.5562 1.93c7 
2.0081 1.9307 
2.C16C 1.9307 
2.C16C 1.93c7 
2.C16C 1.9307 
2.016C 
2.016C 



TA@LE 75 

PERFCRCANCE PARAMETERS FOR I-YDROGEN AT A STAGNATICN PRESSUPE OF 
20. ATM AND A STAGNATICN TEMPERATURE OF 7CC0. CEG F 

THROAT FLCW PARAHETERTEOUIL.1 = 260.87 LB-SCRTLCEE RI/SEC-FTZ-ATM 
THROAT FLOW PARAHETERtFROZEN) = 272.45 LB-SQRTLCEG RI/SEC-FTZ-ATM 

MAX WT FLOW PER UNIT AREALEQUIL. 1 = 62.36C LB/SEC-FTi 
MAX WT FLCW PER UNIT ARECLFROZEN) = 65.125 LB/SEC-FT2 

THROAT PRESSURE PATIOLEQUIL.) = 0.57CC 
1HROAT PRESSURE RATIOLFROZENI = 0.5404 

ENTRCPY = 2.457E 01 BTU/LB-DEG R 

PRESSLRE TEMPERATURE-DEG R 
RATIC EQUIL. FROZEN 

CHAMBER 7CG0. 7000. 
THROA 1 6577. 6020. 

1. OOOE-C 1 5438. 3907. 
1 .OoOE-C2 4026. 2048. 
l.OOOE-C3 2382. 993. 
l.OOOE-C4 1264. 447. 
5.000E-C5 1039. 
l.OOOE-C5 657. 
5.000E-C6 538. 
l.OOOE-C6 338. 

PRESSURE 
RATIC 

CHAMBE P 
THROAT 

l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 

PRESSUPE 
RATIG 

THROAT 
l.OOOE-C 1 
l.OOOE-C2 
l. OOOE-0 3 
l.OOOE-C4 
5.OOOE-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 

DENSITY-LB/FT3 
EQUIL. FROZEN 

6.898E-03 6.898E-03 
4.276E-03 4.334E-03 
9.590E-04 1.236E-03 
1.36 lE-04 2.358E-04 
2.319E-05 4.864E-05 
4.371E-06 l.O80E-05 
2.658E-06 
8.40E!E-07 
5.13CE-07 
1.636E-07 

NOZZLE AREA RATIO 
ECUIL. FROZEN 

l.OOOE 00 l.OOOE 00 
2.338E 00 2.003E 00 
1.256E 01 8.450E OC 
6.536E 01 3.773E 01 
3.278E 02 1.642E 02 
5.335E 02 
1.659E 03 
2.705E 03 
8.408E 03 

ENTHALPY-BTU/L8 
EQUIL. FROZEN 

4.216E 04 4.216E 04 
3.791E 04 3.765E C4 
2.671E 04 2.833E 04 
1.560E 04 2.082E C4 
8.346E 03 1.701E C4 
4.3286 03 1.522E 04 
3.544E 03 
2.221E 03 
1.814E 03 
1.131E 03 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

MACH NUMBER 
ECUIL. FRGZEN 

14585. 15027. 1 .coo 1.000 
27813. 26313. 2.164 2.148 
36463. 32690. 3.300 3.6C6 
41146. 35487. 4.606 5.482 
43521. 36724. 6.606 R-276 
43970. 7.354 
44716. 9.386 
44944. 10.408 
45322. 13.214 

IDEAL ISP-SEC 
EQUIL. FROZEN 

453.3 467.1 
864.5 817.e 

1133.3 lC16.C 
1278.8 1103-c 
1352.7 1141.4 
1366.6 
1389.8 
1396.9 
1408.7 

YCLECULAR WT. 
ECLIL. FRCZEN 
1.7624 1.7624 
1.798C 1.7624 
1.9034 1.7624 
2.ccot 1.7624 
2 .C16C 1.7624 
2.C16C 1.7624 
2.C16C 
2.ClCC 
2.C16C 
2.C16C 

LAC 1 SP-SEC 
ECLIL. FROZEN 
840.5 818.2 

lC23.1 948.0 
1218.6 1071.0 
1323.2 1127.5 
1374.9 1152.1 
13f4.7 
14Cl.l 
14C6.1 
1414.4 
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TABLE 76 

PERFCRCANCE PARAMETERS FOR I-YCRCGEN AT A STAGNATICN PRESSUPE CF 
20. Aft’ AND P STAGNATICN TEMPERATURE OF 8CCC. CEG R 

THROAT FLCW PARAMETER(ECUIL.1 = 242.29 LB-SQRTLCEG RI/SEC-FTZ-ATM 
THROAT FLCk PARACETERLFROZEN) = 256.06 LB-SQRTICEG R)/EEC-FTZ-ATM 

FAX WT FLCW PER UNIT AREA(EClJ1L.I = 54.177 LB/SEC-FT i 
CAX WT FLOW PER UNIT AREAtFROZEN) = 57.256 LB/SEC-Ffi 

THROAT PRESSURE RATIO(EQUIL.) = O.StSC 
THROAT PRESSURE PATID(FROZEN) = 0.5299 

ENTROPY = 2.772E 01 BTU/LB-DEG R 

PRESSURE 
RATIC 

CHAM8EP 
THROAT 

l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
S.OOOE-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-C7 

PRESSLRE 
RATIG 

CHAPREP 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
L.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5. OOOE-C 6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-C7 

PRESSLEE 
RATID 

THRCAT 
l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
1 .OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-C7 

TEMPERATURE-DEG R 
EQUIL. FROZEN 

BCCO. 8000. 
7519. 6707. 
6319. 4146. 
5140. 2027. 
4 168. 926. 
2971. 400. 
2507. 
1622. 
1336. 

847. 
c95. 
437. 

DENS1 TY-LB/FT3 
EQLIL. FROZEN 

5.17CE-03 5.170E-03 
3.212E-03 3.268E-03 
7.23SE-04 9.976E-04 
9.682E-05 2.040E-04 
1.27EE-05 4.4656-05 
1.857E-06 l.O35E-05 
l.l02E-06 
3.405E-07 
2.067E-07 
6.521E-08 
3.973E-08 
1.2636-08 

NOZZLE APEA RATIO 
EQUIL. FROZEN 

l.OOCE 00 l.OOOE 00 
2.338E 00 1.920E OC 
1.328E 01 7.652E OG 
8.758E 01 3.247E 01 
5.552E 02 1.36DE 02 
9.206E 02 
2.897E 03 
4.733E 03 
1.480E 04 
2.419E 04 
7.558E 04 

ENTHALPY-BTU/LB 
EQUIL. FROZEh 

6.584E 04 6.584E 04 
6.016E 04 5.970E C4 
4.534E 04 4.7996 04 
3.035E 04 3.B97E C4 
1.904E 04 3.468E 04 
1.069E 04 3.278E C4 
8.821E 03 
5.588E 03 
4.581E 03 
2.878E C3 
2.353E 03 
1.469E 03 

MCLECtLAR UT. 
ECLIL. FROZEN 
1.5c95 1.5cs5 
1.5492 1.5095 
l.t68? 1.5c95 
1.816C 1.5095 
1.4443 1.5095 
2.C14C 1.5c95 
2.015J 
2.C16C 
2.ClbC 
2.016C 
2.C16C 
2.C16C 

VELOC ITY-FT/SEC 
EQUIL. FROZE!+ 

CACh NUMBER 
ECLIL. FRCZEN 

16865. 17523. l.CCC l.OCC 
32030. 2989C. 2.172 2.145 
42147. 36677. 3.332 3.687 
48402. 39492. 4 -384 5.747 
52542. 40683. 5.388 8.87C 
53425. 5.848 
54919. 7.377 
55376. 8.17E 
56141. lC.390 
56374. 11.506 
56765. 14.5t4 

IDEAL ISP-SEC 
EQUIL. FROZEh 

524.2 544-t 
995.5 929.c 

1310.0 114o.c 
1504.4 1227.5 
1633.0 1264.5 
1660.5 
1706.9 
1721.2 
1744.9 
1752.2 
1764.3 

LAC ISP-SEC 
ECLIL. FRGZEN 
9.68.7 936.3 

117e.1 107c. 9 
14 13.7 1196.5 
1572.8 1251.5 
1t7t.4 1274. S 
16St.5 
1729.6 
1739.6 
1756.5 
1761.6 
177C.2 
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TA@LE 77 

PERFCRCANCE PARAMETERS FCR I-YDROGEN AT A STAGNATICN PRESSURE OF 
20. AT!’ AND A STAGNATICN TEMPERATURE OF 9cocl. CEG P 

THROAT FLCh PARAMETER(ECUI1.) = 224.48 LB-SCRTICEE RI/SEC-FTZ-ATM 
THROAT FLCW PARAMETERLFROZEN) = 240.40 LB-SCRTICEG RI/SEC--FTZ-ATM 

FAX WT FLOW PER UNIT AREALECUIL.) = 47.325 LB/SEC-FTi 
PAX kT FLOW PER UNIT AREAIFROZENI = 50.68C LB/SEC-FT; 

THROAT PRESSURE PATIO(ECU1L.I = 0.5652 
THROAT PRESSURE RATIU(FROZENt = 0.5151 

ENTROPY = 3.117E 01 BTU/LB-DEG R 

PRESSLRE TEHPERATLRE-DEG R ENTHALPY-BTU/LB MCLEClLAR WT. 
RATIG ECUIL. FROZEN ECUIL. FROZEN ECLIL. FROZEN 

CHAMBER 9cco. 9coo. 9.522E 04 9.512E C4 1.2743 1.2743 
THROAT 8389. 7271. 8.750E 04 8.673E 04 1.3131 1.2743 

l.OOOE-C 1 6977. 4228. 6.B30E C4 7.236E C4 1.4301 1.2743 
1 .oOOE-C2 5702. 1899. 4.912E 04 6.187E C4 1.58OE 1.2743 
l.OOOE-C3 4 789. 814. 3.463E 04 5.725E C4 1.724C 1.2743 
l.OOOE-C4 4063. 337. 2.334E 04 5.530E 04 1.8565 1.2743 
S.OOOE-C5 3861. 2.043E 04 l-894( 
l.OOOE-C5 3375. 1.443E 04 1.9705 
S.OOOE-C6 3123. 1.217E 04 1.5958 
l.OOOE-C6 2247. 7.850E 03 2.C155 
s.OOOE-C7 1864. 6.449E C3 2.ClbC 
l.OOOE-07 1189. 4.065E C3 2.016c 

PRESSLPE DENSITY-LB/FT3 
RATIC EQUIL. FRCZEN 

CHAMBER 3.879E-03 3.879E-03 
THROAT 2.424E-03 2.473E-03 

l.OOOE-Cl 5.616E-04 8.257E-04 
l.OOOE-C2 7.5966-05 1.838E-04 
l.OOOE-C3 9.864E-06 4.289E-05 
l.OOOE-C4 1.252E-06 l.O35E-05 
s.OOOE-C5 6.719G07 
l.OOOF-c5 1.59SE-07 
5.000E-C6 8.753E-08 
l.OOOE-C6 2.458E-08 
5.000E-C7 1.482E-08 
l.OOOE-C7 4.647E-09 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC \rAC ISP-SEC 
RATIO ECUIL. FROZEN EQUIL. FROZEN ECLIL. FROZEN 

THROAT l.OOCE 00 l.OOOE 00 606.8 636.9 1112.3 lC67.0 
l.OOOE-C 1 2.30CE 00 1.818E 00 1138.7 1049.1 1344.4 12cc.9 
l.OOOE-C2 1.29RE 01 6.757E 00 1491.5 1268-C ltC7.6 1324.5 
l.OOOE-03 8.719E 01 2.714E 01 1710.3 1353.2 1728.2 1375.9 
l.OOOE-C4 6.30SE 02 1.097E 02 1863.1 1387.5 1919.5 1396.7 
S.OOOE-C5 1.152E 03 1900.5 1952-C 
l.OOOE-C5 4.656E 03 1975.3 2C 17-C 
5.000E-C6 8.39CE 03 2002.8 204C. 3 
l.OOOE-C6 2.9113E 04 2054.3 20CC.3 
S.OOOE-C7 4.793E 04 2070.7 2052.1 
l.OOOE-c7 1.509E 05 2098.4 2111.9 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

19524. 20490. 
36638. 33754. 
47987. 40798. 
55026. 43537. 
59944. 44643. 
61147. 
63554. 
64438. 
66095. 
66623. 
67513. 

MACH NLMBER 
ECUIL. FRGZEN 

1 .ccc l.OOC 
2.179 2.139 
3.361 3.797 
4.425 6.1CC 
5 -448 9.631 
5.754 
6.464 
t-753 
7.t16 
8.371 

lC.562 
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TA@LE 78 

PEKFCRCANCE PARAMETERS FOR FYOROGEN AT t STAGNATICN PRESSUPE OF 
20. ATW AND A STAGNATICN TEMPERATURE OF 1CCCC. LEG R 

THROAT FLCk PARAMETER(EQUIL.1 = 214.22 LB-SQRTtCEC RI/SEC-FT2-ATM 
THROAl FLCW PARAMETERtFROZEN) = 230.80 LB-SQRTtCEG RI/SEC-FTZ-ATC 

FAX WT FLOW PER UNIT AREA(EQUIL.) = 42.845 LB/SEC-FTi 
CAX kT FLOW PER UNIT AREA[FROZEN) = 46.16C LB/SEC-FT2 

THROAT PRESSURE RATfO~EQUIL.1 = 0.5tlf 
THROAT PRESSURE RATIO(FROZENI = O-5(324 

ENTROPY = 3.377E 01 BTU/LB-DEG R 

PRESSUP E TECPERATURE-DEG R ENTHALPY-BTU/LB CCLEC lLAK kl. 
RATIO EQLIL. FROZEN EQUIL. FROZEFi ECLIL. FROZEN 

CHAYBER lOCOO. 10000. 1.198E 05 1.198E C5 1.131- 1.1317 
THROAT 9166. 7816. 1.102E 05 1.091E CS 1.167; 1.1317 

l.OOOE-C 1 7447. 4344. Ei.‘IlOE 04 9.231E 04 1.278; 1.1317 
l.OOOE-C2 6024. 1837. 6.442E 04 8.050E C4 1.424( 1.1317 
l.OOOE-C3 5063. 757. 4.749E 04 7.557E C4 1.564 f 1.1317 
l.OOOE-C4 4346. 307. 3.433E 04 7.355E C4 1.6S9C 1.1317 
5. OOOE-C 5 4160. 3.092E 04 1.738e 
L.OOOE-C5 3765. 2.382E 04 1.8261 
5.000E-C6 3604. 2.107E 04 1.8631 
l.OOOE-C6 3232. l.532E 04 l.S41L 
S.OOOE-07 3c55. 1.310E 04 l.S714 
l.OOOE-C7 2438. 8.642E C3 2.C14: 

PRESSURE DENS1 TV-LB/FT3 
RATIC EQUIL. FROZEN 

CHAPBER 3.101E-03 3.101E-03 
THROAT 1.960E-03 1.993E-03 

l.OOOE-Cl 4.702E-04 7.137E-04 
l.OOOE-CZ 6.476E-05 1.688E-04 
l.OOOE-C3 8.468E-06 4.096E-05 
L.OOOE-C4 1.072E-06 1.01 LE-05 
5. OOOE-C 5 5.726E-07 
l.OOOE-C5 1.329E-07 
S.OOOE-C6 7.081E-08 
1 .OOOE-C6 1.646E-08 
5. OOOE-C 7 8.83SE-09 
l.OOOE-C7 2.263E-09 

PRESSURE N07ZLE AREA RATIO 
RATIC EQUIL. FROZEN 

THROAT l.OOCE 00 l.OOOE 00 
l.OOOE-Cl 2.25?E 00 1.743E 00 
i.OOOE-C2 1.256E 01 6.166E 00 
l.OOOE-C3 8.410E 01 2.395E 01 
L.OOOE-C4 6.113E 02 9.494E 01 
5. OOOE-C 5 1.122E 03 
l.OOOE-C 5 4.65rE 03 
S.OOOE-C6 8.607E 03 
1 .OOOE-06 3.599E 04 
S.OOOE-c7 6.633E 04 
l.OOOE-C7 2.53nE 05 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

21863. 23160. 
40453. 37094. 
52652. 44350. 
60161. 47052. 
65408. 48113. 
66699. 
69314. 
70301. 
72319. 
73081. 
74594. 

IDEAL ISP-SEC 
EQUIL. FRCZEh 

679.5 719-e 
1257.3 1152.5 
1636.5 1378.4 . 
1869.9 1462.4 
2033.0 1495.4 
2073.1 
2154.4 
2185.0 
2247.7 
2271.4 

C4C.k NUPBER 
ECLIL. FROZEF; 

1 .ccc l.OCC 
2.190 2.135 
3.397 3.888 
4.480 6.376 
5.513 1C. 198 
5.@19 
6.528 
6.833 
7.550 
7.e58 
8.441 

LAC ISP-SEC 
ECUIL. FROZEh 

1234.1 118C.4 
1479.8 1312.8 
17tC.6 1435.0 
1952.9 1484.4 
2CS3.3 15c4.1 
212e.5 
22CC.3 
2227.5 
22f3.3 
23C4.2 

2318.5 2343.5 



TABLE 79 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
20. ATM AND A STAGNATICN TEMPERATURE OF 12CCO. CEG C 

THROAT FLCW PARACETER(EQUIL.1 = ZOO.93 LB-SQRT(CEG RI/SEC-FT2-ATM 
THROAl FLCW PARAHETERTFROZEN) = 214.00 LB-SQRTICEE RI/SEC-FTZ-ATM 

MAX WT FLOW PER UNIT AREA(EQUIL.l = 36.684 LB/SEC-FTI’ 
PAX WT FLOW PER UNIT AREA(FROZEN1 - 39.071 LB/SEC-FT2 

THROAT PRESSURE RATIO(EQUIL. 1 = 0.5267 
THROAT PRESSURE RATIOtFROZEN) = 0.4631 

ENTROPY = 3.624E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECCLAR WT. 
RATIC EQUIL. FROZEN EQUIL. FROZEN ECLIL. FROZEN 

CHAMBER 12coo. 12000. 1.452E C5 1.452E 05 1.0335 1.0335 
THROAT 10336. 8893. 1.329E 05 1.311E 05 1 .ot2t 1.0335 

l.OOOE-Cl 7980. 4879. 1.061E 05 1.114E C5 1.156e 1.0335 
1. OOOE-C 2 6314. 1969. 7.960E 04 9.722E 04 1.295! 1.0335 
l.OOOE-C3 5276. 790. 6.0226 04 9.150E 04 1.4314 1.0335 
l.OOOE-C4 4532. 316. 4.527E 04 8.921E C4 l-562$ 1.0335 
S.OOOE-C5 4345. 4.140E 04 1.6OlC 
l.OOOE-C5 3958. 3.334E 04 l-689( 
S.OOOE-C6 3807. 3.021E 04 1.7266 
l.OOOE-C6 3483. 2.362E 04 1.8102 
!i.OOOE-C7 3351. 2.104E 04 1.8451 
l . OOOE-0 7 3049. 1.561E 04 1.922C 

PRESSURE OENSI TY-LB/FT3 
RATIC EQUiL. FROZEN 

CHAMBEP 2.360E-03 2.360E-03 
THROAT 1.483E-03 1.475E-03 

l.OOOE-Cl 3.971E-04 5.803E-04 
l.OOOE-C2 5.621E-05 1.438E-04 
l.OOOE-G3 7.4346-06 3.584E-05 
l.OOOE-C4 9.447E-07 8.967E-06 
!i.OOOE-CS 5.0496-07 
L.OqOE-C 5 1,17CE-07 
5. OOOE-C 6 6.213E-08 
l.OOOE-C6 1.424E-08 
5.000E-C7 7.54 3E-09 
l.OOOE-C7 1.727E-09 

PRESSURE NOZZLE AREA RATIO IDEAL I SP-SEC LAC ISP-SEC 
RATIC EOUIL. FROZEN EQUIL. FROZEN ECLIL. FROZEN 

THROAT l.OOOE 00 l.OOOE OC 768.6 823.5 1376.2 1325.1 
l.OOOE-C 1 2.088E 00 1.638E 00 1375.2 1277.3 16 16.0 1454.7 
l.OOOE-C2 1.139E 01 5.547E OC 1780.6 1522.7 1912.0 1582.7 
l.OOOE-C3 7.568E 01 2.103E 01 2026.7 1610.9 2114.0 1633.7 
l.OOOE-C4 5.491E 02 8.233E 01 2197.9 1644.9 2261.3 1653.8 
5.000E-C5 1.008E 03 2240.0 2258.2 
l.OOOE-C5 4.192E 03 2325.4 2313.8 
S.OOOE-C6 7.783E 03 2357.8 24C2.7 
l.OOOE-06 3.302E 04 2424.4 2462.5 
5.000E-07 6.17CE 04 2449.9 2485.5 
l.OOOE-C7 2.638E 05 2503.0 2523.4 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

FACH NUK6ER 
ECLIL. FROZEN 

24729. 26494. l.COO l.OCC 
44245. 41094. 2.186 2.091 
57290. 48990. 3.433 3.913 
65208. 51830. 4.543 6.525 
70716. 52924. 5.595 10.529 
72070. 5.SC6 
74819. 6 -620 
75859. 6.926 
78002. 7.636 
78824. 7.944 
80532. 8.667 
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TAeLE 80 

PERFCRCANCE PARAMETERS FCR FYCRGGEN AT A STAGNATICN PRESSURE CF 
20. ATC AND A STAGNATICN TEMPERATURE OF 14CCO. CEG F 

THROAT FLCW PARAHETERIEQUIL.) = 216.56 LB-SQRT(CEC RI/SEC-FT2-ATM 
THROAT FLDW PARAHETERiFROZEN) = 214.24 LB-SQRTtCEE R)/SEC-FT2-ATM 

PAX WT FLCw PER UNIT AREAIEQUIL.l = 36.604 LB/SEC-FT; 
FAX wT FLOW PER UNIT AREAtFROZEN) I 36.213 LB/SEC-FT2 

THROAT PRESSURE RATIDtEQUIL.) = 0.5547 
THROAT PRESSURE RATIOtFROZEN) = 0.4643 

ENTROPY = 3.725E 01 BTU/LB-DEG R 

PRESSURE 
RATIC 

CHAMBER 
THHOAT 

L.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.OOOE-Cb 
l.OOOE-Cb 
S.OOOE-C7 
l.OOOE-C7 

PRESSLRE 
RATIC 

CHAMBER 
THROAT 

l.OoOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
L.OOOE-C5 
?J.OOOE-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-C7 

PRESSLWE 
RATIG 

THROAT 
l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-c3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-C7 

TEMPERATURE-DEG R 
EQUIL. FROZEN 
14coo. 14000. 
11516. 10333. 

8276. 5616. 
6440. 2247. 
5358. 897. 
4599. 358. 
4410. 
4C20. 
3 Q69. 
3550. 
3422. 
3 140. 

DENSITY-LB/FT3 
EQUIL. FROZEN 

1.98QE-03 1.98BE-03 
1.357E-03 1.251E-03 
3.684E-04 4.957E-04 
5.308E-05 1.2 39E-04 
7.062E-06 3.104E-05 
S.COCE-07 7.787E-06 
4.812E-07 
1.11 r;E-07 
5.923E-08 
1.356E-08 
7.172E-09 
1.632E-09 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOOE 00 l.OOOE 00 
2.llfE 00 1.633E OC 
1.147E 01 5.493E 00 
7.610E 01 2.075E 01 
5.522E 02 8.103E 01 
1.014E 03 
4.22CE 03 
7.838E 03 
3.333E 04 
6.23CE 04 
2.684E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEk 

1.583E 05 1.583E C5 
1.437E 05 1.415E C5 
l.lG3E 05 1.183E C5 
8.608E 04 1.017E C5 
6.562E 04 9.513E 04 
4.990E 04 9.249E C4 
4.585E 04 
3.739E 04 
3.411E 04 
2.719E 04 
2.4496 04 
1.876E 04 

MCLEClLAR WT. 
ECLIL. FROZEN 
l.Cl6 I l.OlCl 
1.c2a; 1.01t1 
1.1125 1.0161 
1.24-l 7 l.OLCl 
1.3812 l.OlCl 
1.51Of 1.0161 
1.549c 
1.6361 
1.673C 
1.75tt 
1.7917 
1.e7cc 

VELOCITY-FT/SEC 
EQUIL. FROZEh 

CACH NLM8ER 
ECLIL. FRCZEN 

26977. 28951. 1 .ccc l.CCC 
46920. 44734. 2.224 2.CS5 
60123. 53201. 3 -495 3.936 
68108. 56229. 4.t22 6.580 
73658. 57393. 5 .ta7 10.633 
75023. 6.CCO 
77794. 6.721 
78843. 7 .c3c 
81009. 7.744 
BlA41. 8.C52 
83575. 8.173 

IDEAL ISP-SEC 
EQUrL. FROZEh 

838.5 899.e 
1458.3 1390.4 
1868.7 1653.5 
2116.9 1747.7 
2289.4 1783.8 
2331.8 
2417.9 
2450.5 
2517.8 
2543.7 
2597.6 

LAC I SP-SEC 
ECLIL. FRCZEh 

1479.8 1442.4 
17c3.1 1581.2 
2CC1.3 1717.7 
22C4.8 1771.9 
2353.2 1793.3 
235C.4 
24tt.7 
2455.8 
255t.4 
257’3.0 
2ti8.6 
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TAi?LE 81 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSUFE OF 
20. ATM AND A STAGNATICN TEMPERATURE OF ItCOO. CEG P 

THROAT FLCW PARAMETERTEQUIL.) = 219.41 LB-SCRTTCEG RI/SEC-FT2-ATM 
THROAT FLOW PARAHETERTFROZEN) = 222.90 LB-SQRTT CEG R1 /SEC-FTZ-ATM 

FAX UT FLOk PER UNIT AREATEQUIL.1 = 34.691 LB/SEC-F12 
PAX NT FLOW PER UNIT AREAtFROZEN) = 35.243 LB/SEC-FTi 

THROAT PRESSURE RATIOTEQUIL.) = 0.5491 
THROAT PRESSURE RATIOTFROZEN) = 0.487E 

ENTROPY = 3.797E 01 BTU/LB-DEG R 

PRESSLRE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-C 1 
l.OOOE-C2 
1. OOOE-C 3 
l.OOOE-C4 
5. OOOE-C 5 
l.DUOE-C5 
S.OOOE-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-C7 

PRESSURE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OoOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5. OOOE-C 5 
l.OOOE-C5 
S.OOOE-C6 
1. OOOE-C 6 
5. OOOE-C 7 
l.OOOE-C7 

PRESSURE 
RATIO 

THROAT 
l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C 5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-07 

TEMPERATURE-DEG R 
EQUIL. FROZEN 
16COO. 16000. 
12795. 12023. 

8544. 6371. 
6536. 2484. 
5417. 951. 
4644. 361. 
4453. 
4C60. 
3SO9. 
3591. 
3465. 
3 191. 

DENSITY-LB/FT3 
EQUIL. FROZEN 

1.732E-03 1.732E-03 
l.l95E-03 l.l24E-03 
3.477E-04 4,35OE-04 
5.095E-05 l.l15E-04 
6.814E-06 2.914E-05 
8.704E-07 7.680E-06 
4.655E-07 
l.O79E-07 
5.734E-08 
1.312E-08 
6.936E-09 
1.575E-09 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOCE 00 l.OOOE 00 
2c021E 00 1.664E 00 
1.087E 01 5.494E 00 
7.211E 01 1.997E 01 
5.234E 02 7.437E 01 
9.614E 02 
4.003E 03 
7.439E 03 
3.167E 04 
5.93CE 04 
2.559f 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEh 

1.69tE 05 1.691E CE 
1.522E 05 1.494E C5 
1.204E 05 1.217E C5 
9.075E 04 1.030E 05 
6.950E 04 9.576E C4 
5.323E 04 9.301E C4 
4.904E 04 
4.030E 04 
3.69lE 04 
2.976E 04 
2.697E 04 
2.104E 04 

MCLECCLAR kT. 
ECLIL. FROZEN 
l.Cll4 1.0114 
l.Cl67 1.0114 
1.0843 1.0114 
1.2155 1.0114 
1.3472 1.0114 
1.4754 1.0114 
1.5132 
1.599c 
1 .t362 
1.7195 
1.7546 
1 .a335 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

FACH NLCBER 
ECLIL. FROZEN 

29021. 31346. 1 .ccc I.COC 
49375. 48690. 2.265 2,124 
62612. 57507. 3.562 3.985 
70596. 60573. 4.7c3 6.75C 
76146. 61702. 5.780 11.13e 
77512. 6 .C97 
80285. 6 .B24 
81335. 7.135 
83505. 7 .e55 
84339. 8.164 
86082. 8.8B7 

IDEAL ISP-SEC 
EQUIL. FROZEN 

902.0 974.2 
1534.6 1513.3 
1946.0 1787.4 
2194.2 1882.7 
2366.7 1917-e 
2409.1 
2495.3 
2528.0 
2595.4 
2621.4 
2675.5 

LAC ISP-SEC 
ECCIL. FROZEN 

1571.9 1560.0 
17El.l 1713.2 
2078.7 1853.4 
22e2.2 1906.7 
2430.6 1926.7 
2467.8 
2544.2 
2573.4 
2634.1 
2657.5 
27ct.7 
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TABLE 82 

PERFCRCANCE PARAMETERS FOR FYCRCGEN AT A STAGNATICN PRESSURE OF 
2C. ATlr AND A STAGNATICN TEMPERATLRE OF 18CC0. CEG F 

THROAT FLCW PARARETER(EUU1L.T = 220.78 LB-SQRT(CEE R)/SEC-FTZ-ATR 
THROAT FLCk PARAHETERtFROZEN) = 222.78 LB-SQRTiCEC RI/SEC-FTZ-ATC 

)rAX kT FLCW PER UNIT AREA(EGUIL.1 = 32.912 LB/SEC-FTE 
FAX WT FLOW PER UNIT AREb(FROZEN1 = 33.21C LB/SEC-Ffi 

THROAT PRESSURE RATLO(EQUIL.1 = 0.5417 
THROAT PRESSURE RATIO(FROZEN1 = 0.4877 

ENTROPY = 3.857E 01 BTU/LB-DEG R 

PRESSURE 
RATIC 

CHAHBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
S.OOOE-C5 
l.OOOE-C5 
5. OOOE-C 6 
l.OOOF-C6 
S.OOOE-C7 
1. OOOE-C 7 

PRESSURE 
RATIC 

CHAPBE P 
THROAT 

1. OOOE-C 1 
l.OOOE-C2 
l.OOOF;-c3 
l.OOOE-C4 
S.OOOE-C5 
l.OOCE-C5 
S.OOOE-C6 
l.OOOE-C6 
S.OOOE-C7 
l.oooF-c7 

PRk SSLRE 
RATIC 

THROAT 
l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOCE-C4 
5.000E-C5 
1. OOOE-C 5 
5.000E-C6 
1 .OOOE-C6 
5.000E-07 
l.OOOE-C7 

TEHPERATURE-DEG R 
EQUIL. FROZEN 
18CO0. 18COO. 
14 182. 135 18. 

8832. 7167. 
6620. 2800. 
5465. 1074. 
4680. 408. 
4487. 
4C92. 
3940. 
3623. 
3497. 
3227. 

DENS1 TY-LB/FT3 
EQUIL. FROZEN 

1.537E-03 1.537E-03 
l.O59E-03 9.980E-04 
3.296E-04 3.860E-04 
4.924E-05 9.880E-05 
6.616E-06 2.577E-05 
8.469E-07 6.786E-06 
4.53lE-07 
l.OSlE-07 
5.584E-08 
1.278E-08 
6.754E-09 
1.531E-09 

NOIZLE AREA RATIO 
EOUIL. FRGZEN 

l.OOCE 00 l.OOOE OC 
1.927E 00 1.665E OC 
1.027E 01 5.506E 00 
6.813E 01 2.004E 01 
4.948E 02 7.470E 01 
9.09CE 02 
3.787E 03 
7.04CE 03 
3,COCE 04 
5.62CE 04 
2.43CE 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEh 

1.793E 05 1.793E CC 
1.600E 05 1.571E C5 
1.256E 05 1.259E C5 
9.470E 04 1.048E 05 
7.277E 04 9.664E C4 
5.603E 04 9.352E C4 
5.173E 04 
4.275E 04 
3.927E 04 
3.193E 04 
2.9066 04 
2.296E 04 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

31076. 33277. 
51839. 51679. 
65060. 61047. 
73011. 643C9. 
70539. 65511. 
79900. 
82664. 
83712. 
85878. 
86711. 
88453. 

IDEAL ISP-SEC 
EPUIL. FROZEh 

965.9 1034.3 
1611.2 1606.2 
2022.1 1897.4 
2269.2 1998-e 
2441. l 2036.2 
2483.4 
2569.3 
2601.9 
2669.2 
2695.1 
2749.2 

CCLECLLAR WT. 
ECUIL. FRGZEh 
l-CC97 l.OCS7 
1.0121 1.0097 
1 .C624 l.CC97 
1.189f 1.0057 
1.3195 I..0057 
1.4466 l.OC97 
1.4843 
1.57cc 
I.6061 
l.t89? 
1.724? 
1.ec37 

FACb NUCBER 
ECLIL. FRCZEN 

L-CCC I-CCC 
2.3ot 2.125 
3.634 3.984 
4.79c 6.742 
5.879 11.12c 
6.199 
6 .S34 
7.247 
7.973 
8.285 
Q.Cll 

Vdc ISP-SEC 
ECLIL. FRCZEN 

16t2.4 1655.7 
1858.9 1818.4 
2154.3 1967.5 
2356.8 2C24.3 
25C4.7 2C45.7 
2541.8 
26 18.0 
2647.1 
27C7.7 
2731.2 
27EC.4 
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TABLE 83 

PERFCRCANCE PARAMETERS FCR FYDROGEN AT A STAGNATICN PRESSURE CF 
20. ATC AND A STAGNATICN TEMPERATURE OF ZCCCO. CEG F 

THROAT FLCW PARAMETER(ECUIL.1 = 213.69 LB-SQRTfCEG RI/SEC-FTZ-ATM 
THROAT FLCW PARAMEJER(FROZENJ = 221.68 LB-SQRT(CEE RI /SEC-FTt-ATM 

PAX WT FLCW PER UNIT AREblECUIL.1 = 30.22C LB/SEC-FTi 
PAX kT FLOW PER UNIT AREA(FROZEN) = 31.351 LE!/SEC-FTi 

THROAT PRESSURE RATIO(EQUIL.) = O-516? 
THROAT PRESSURE RATIO( FROZEN 1 = 0.487t 

ENTRCPY = 3.S45E 01 BTU/LB-DEG A 

PRESSURE TEMPERATURE-DEG R 
RATIC EQLIL. FROZEN 

CHAMBER 2ocoo. 20000. 
THROAT 16256. 15019. 

l.OOOE-C 1 9457. 7967. 
1 .OOOE-C2 6758. 3120. 
l.OOOE-C3 5538. 1199. 
l.OOOE-C4 4733. 456. 
5.000E-C5 4536. 
l.O00E-C5 4136. 
5.000E-C6 3984. 
l.OOOE-C6 3665. 
5.000E-C7 3540. 
l.OOOE-C7 3273. 

FRESSLHE 
RATIC 

CHAMBER 
THKOAT 

l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
s.OOOE-C 5 
l.O00E-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-C7 

PRE SSLRE 
RATIG 

THROAT 
l.OOOE-Cl 
l.OOgE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOoE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-C7 

DENSITY-LB/FT3 
EQUIL. FROZEN 

1.369E-03 1.369E-03 
8.77OE-04 8.892E-04 
2.999E-04 3.438E-04 
4.677E-05 8,778E-05 
6.339E-06 2.284E-05 
8.142E-07 6*006E-06 
4.359E-07 
l.O12E-07 
5.37EE-08 
1.231E-08 
6.504E-09 
1.473E-09 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOCE 00 l.OOOE 00 
l.BOSE 00 1.666E 00 
9.368E 00 5.521E 00 
6.203E 01 2.014E 01 
4.508E 02 7.518E 01 
B.284E 02 
3.454E 03 
6.424E 03 
2.74CE 04 
5.137E 04 
2.225E 05 

ENTHALPY-BTU/LB 
EUUIL. FROZEN 

1.956E 05 1.956E 05 
1.719E 05 1.708E C5 
1.336E 05 1.357E C5 
1.006E 05 1.120E C5 
7.762E 04 1.02BE C5 
6.018E 04 9.930E C4 
5.570E 04 
4.637E 04 
4.276E 04 
3.514E 04 
3.216E 04 
2.583E 04 

HCLECCLAR WT. 
ECLIL. FRGZEN 
0.9997 0.99s7 
l.CO7i 0.9957 
1.0351 0.9997 
1.1537 c.99s7 
1.281’ 0.9997 
1.4064 0.9997 
1.443‘ 
I.5281 
1.564C 
1.6461 
l.t809 
1.76~ I 

VELOCITY-FT/SEC 
EUUIL. FROZEN 

MACH NLf’BER 
ECLIL. FRCZEN 

34460. 35257. l.CCO l.OOC 
557c9. 54748. 2.345 2.126 
68966. 64685. 3.748 3.982 
76853. 68154. 4.931 6.732 
82336. 69434. 6 .C40 11.094 
83687. 6.366 
86432. 7.112 
87473. 7.431 
89625. 8.167 
90455. 8.483 
92190. 9.217 

IDEAL ISP-SEC 
EQUIL. FHOZEh 
1071.1 1095. e 
1731.5 1701.6 
2143.5 2010.5 
2388.7 2118.3 
2559.1 2158.1 
2601.1 
2686.4 
2718.7 
2785.6 
2811.4 
2865.4 

VAC ISP-SEC 
ECUIL. FRCZEh 

1754.1 1754.c 
19E4.8 1926.5 
2274.7 2085.C 
2475.5 2145.5 
26i2.2 2168.2 
2659.1 
2734.8 
2763.7 
2824.C 
2847.4 
2856.5 
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TABLE 84 

PERFCRCANCE PARAMETERS FOR FYDROGEN AT A STAGNAJICN PRESSURE OF 
20. ATM AND A STAGNATICN TEMPERATLRE OF 3CCCO. CEG P 

THROAT FLCW PARAHEJER(ECUIL.1 * 185.10 LB-SQRTtCEG RI/SEC-FJ2-ATT’ 
THROAT FLCW PARAMETERIFROZEN) = 204.22 LB-SQRT(CEC RI/SEC-FTZ-ATT’ 

PAX WT FLOW PER UNIT AREAIEQUIL.1 = 21.374 LB/SEC-FT: 
FAX 

PRESSURE TEMPERATURE-DEG R 
RATlC EQUI Ld FROZEN 

CHAMBER 3ocoo. 30000. 
THROAT 27731. 22709. 

l.OOOE-C 1 21735. 12062. 
l.OOOE-C2 13073. 4777. 
l.OOCE-C3 6457. 1864. 
l.OOOE-C4 5 156. 721. 
S.OOOE-C 5 4907. 541. 
l.OOOE-C5 4433. 277. 
5.000E-C6 4261. 
l.OOOE-C6 3913. 
5.000E-CT 3781. 
1 .OOOE-C7 3sot. 

PRESSLRE 
RATIO 

CHAMBER 
THKCAJ 

l.OOOE-Cl 
1. OOOE-C 2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-CS 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-C7 

DENS1 TV-LB/FT3 
EQLIL. FROZEN 

7.828E-04 7,828E-04 
4.927E-04 5.048E-04 
1.200E-04 1.947E-04 
2.111E-05 4.916E-05 
4.433E-06 1.260E-05 
6.119E-07 3.259E-06 
3.306E-07 2.17 lE-06 
7.787E-08 8.468E-07 
4.155E-OB 
9.567E-09 
5.065E-09 
l.l49E-09 

l.OOOE-C7 

PRE SSLRE 
RATIC 

THROAT 
l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
1 .OOOE-C4 
5.000E-C5 
l.OOOF-C5 
5. OOOE-C 6 
l.OOOE-C6 
5.000E-C7 

1.47OE 05 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

L.COCE 00 l.OOOE 00 
2.205E 00 1.667E OC 
9.816E 00 5.582E 00 
4.296E 01 2.066E 01 
2.975E 02 7.834E 01 
5.447E 02 1.172E 02 
2.264E 03 2.993E 02 
4.211E 03 
1.799E 04 
3.377E 04 

kT FLOW PER UNIT AREA(FRilZEN1 = 21.582 LB/SEC-FJi 
THROAT PRESSURE RATIO(EQUIL.1 = 0.5654 
THROAT PRESSURE RATIOtFROZENJ = 0.4882 

ENTRCPY = 4.t14E 01 BTU/LB-DEG R 

ENTHALPY-BTU/LB 
EQUIL. FROZ Eh 

3.686E 05 3.686E CC 
3.310E C5 3.250E 05 
2.384E C5 2.631E C5 
1.560E 05 2.211E C5 
1.171E 05 2.046E 05 
9.319E 04 1.981E C5 
8.726E 04 1.971E C5 
7.506E 04 1.957E C5 
7.037E 04 
6.054E 04 
5.671E 04 
4.859E 04 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

43385. 46711. 
00746. 72657. 

103173. 85925. 
112210. 90615. 
11741t. 92373. 
118674. 92646. 
121220. 93043. 
122185. 
124182. 
124952. 
126568. 

IDEAL ISP-SEC 
EQUIL. FROZEN 
1348.4 1451.e 
2509.7 2258.3 
3206.7 2670.6 
3487.6 2816.4 
3649.4 2871.1 
3688.5 2879.5 
3767.7 2891.5 
3797.6 
3859.7 
3883.6 
3933.9 

MCLEClLAR kT. 
ECLIL. FROZEN 
0.857i 0.8572 
0.881T 0.8572 
0.9523 0.8572 
1 .OC7( C.8572 
1.c441 O.-B572 
1.151! 0.8572 
1.1843 0.8572 
1.26C( 0.8572 
1.292: 
1.3665 
1.3981 
1.47cs 

PACh NUMBER 
ECLIL. FROZEN 

1 .ccc l.CCC 
2.197 2.12f! 
3.326 3.980 
5 A48 6.687 
7.431 10.937 
7.830 12.658 
8.727 17.74c 
9.104 
9 .S66 

10.334 
11.179 

lrAC ISP-SEC 
ECLIL. FROZEN 

2468.0 2327.9 
2946.3 2557.4 
34Cl.l 277C.8 
3512.7 2853.5 
37ce.3 2885.1 
3742.4 289C.C 
38 12.5 2897.2 
38’19.3 
3855.3 
3917.1 
3sc3.c 



TAELE 85 

PERFCRWANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSUPE OF 
20. ATP AND A STAGNATICN TEMPERATURE OF 4CCCC. CEG R 

THROAT FLCW PARAHETER(EQU1L.l = 157.13 LB-SORT{ CEC RI /SEC-FT2-ATC 
THROAl FLClr PARAHETERIFROZEN) = 172.86 LB-SQRTICEC RI/SEC-FT2-ATY 

t’AX WT FLOW PER UNIT AREAtEaUIL.) = 15.713 LB/SEC-FTi 
t’AX WT FLOW PER UNIT ARECIFROZENI = 17.286 LB/SEC-FT; 

THROAT PRESSURE PATIO~EQUIL.) = 0.5463 
THROAT PRESSURE PATIOiFROZEN) = 0.493.B 

ENTROPY = 5.859E 01 BTU/LB-DEG R 

PRESSURE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
1 .OOOE-C4 
5. OOOE-C 5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-C7 

PRESSLRE 
RATIG 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5. OOOE-C 5 
l.OOOE-C5 
5.000E-C6 
L.OOOE-C6 
5.000E-C7 
I. OOOE-07 

PRESSLRE 
RATIC 

THROAT 
1. OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.OOOE-C7 
l.OOOE-C7 

TEMPERATURE-DEG R 
EQUIL. FROZEN 
4ocoo. 40000. 
36544. 30383. 
29437. 16089. 
23C71. 6402. 
18634. 2538. 
15042. 1003. 
13947. 758. 
10 256. 395. 

7899. 
4660. 
4316. 
3 865. 

DENSITY-LB/FT3 
EQUIL. FROZEN 

4.156E-04 4.1: 566-04 
2.575E-04 2.702E-04 
6.470E-05 l.O33E-04 
9.3246-06 2.597E-05 
1.283E-06 6.551E-06 
1.7366-07 1.658E-06 
9.572E-08 l.O97E-06 
2.690E-08 4.204E-07 
1.748E-08 
6.013E-09 
3.320E-09 
7.8296-10 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

1.00CE 00 l.OOOE 00 
2.203E 00 1.674E 00 
1.185E 01 5.636E 00 
7.597E 01 2.117E 01 
5.207E 02 B.201E 01 
9.287E 02 1.236E 02 
3.208E 03 3.210E 02 
4.89CE 03 
1.402E 04 
2.529E 04 
1.063E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

8.060E 05 8.060E C5 
7.316E 05 7.242E C5 
5.632E 05 6.065E C5 
4.017E C5 5.273E C5 
2.869E C5 4.958E C5 
2.026E 05 4.833E C5 
1.819E 05 4.813E 05 
1.435E 05 4.7B4E 05 
1.311E 05 
1.124E 05 
1.064E 05 
9.429E 04 

HCLECCLAR WT. 
ECLIL. FROZEFi 
0.606E 0.6066 
0.628f c. 6068 
o.t95i 0.6068 
0.785 1 0.6066 
0.8727 0.6C6B 
0.5532 C.6068 
0.974L C.6068 
l.CO6f 0.6068 
1.008C 
1.c227 
1.0455 
1.1045 

VELGCITY-FT/SEC 
EQUIL. FROZ Eh’ 

?‘ACF NUCBER 
ECLIL. FROZEN 

61011. 63975. l-COO l.OOC 
110245. 99926. 2.179 2.132 
142263. 118128. 3.448 3.992 
161197. 124625. 4.637 6.679 
173801. 127104. 5.839 10.82s 
176761. 127494. 6.218 12.492 
182112. 128069. 6.809 17.367 
183806. a.499 
186343. 11.746 
187142. 12.447 
188756. 13.7c9 

IDEAL ISP-SEC 
EQUIL. FROZEh 
1896.3 1988.4 
3426.5 3105.8 
4421.7 3671.5 
5010.2 3873.5 
5401.9 3950.5 
5493.9 3962. t 
5660.2 3980.5 
5712.9 
5791.7 
5816.6 
5866.7 

bAC ISP-SEC 
ECLIL. FRCZEN 

3367.7 3197.4 
4GlC.8 3515.7 
474c.7 3ecs.5 
5214.8 3925.3 
5542.2 3970.6 
5619.C 3977.8 
5746.6 3988.4 
5778.7 
582S.5 
585C.6 
5855.4 
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TABLE 86 

PERFCRCANCE PARAMETERS FOR FYDROGEN AT A STAGNATICN PRESSUCE OF 
20. ATM AND A STAGNATICN TEMPERATURE OF SCCCO. CEG R 

THROA’T FLCW PbRAMETER(EaUIL.1 = 150.43 LB-SORT( CEG RI /SEC-FT2-ATM 
THROAT FLCW PARAMETERIFROZEN) = 159.98 LB-SORTICEC RI/SEC-FT2-ATM 

CAX WT FLCW PER UNIT AREAIEalJ1L.I = 13.455 LB/SEC-FTE 
FAX kf FLOW PER UNIT AREPtFROZENI = 14.309 LB/SEC-FT2 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB 
RATIC EQL'IL. FROZEN EQUIL. FROZEh 

CHAMBER 5ocoo. 50000. 1.102E 06 1.102E CC 
THROAT 42653. 37 796. 9.835E 05 9.838E C5 

l.OOOE-C 1 32874. 20066. 7.719E 05 8.153E C5 
l.OOOE-C2 25216. 8012. 5.639E 05 7.008E 05 
l.OOOE-C3 20434. 3215. 4.1846 05 6.550E C5 
l.OOOE-C4 17021. 1296. 3.111E C5 6.366E Cl5 
5. OOOF-C 5 16156. 986. 2.841E 05 6.336E CS 
l.OOOE-C5 14321. 523. 2.292E 05 6.29lE C5 
5. OOOE-C 6 13573. 398. 2.0846 05 6.279E C5 
1 .OOOE-C6 11746. 1.660E 05 
5.000E-C7 10718. 1.517E 05 
l.OOOE-07 6448. 1.240E 05 

PRESSURE DENSITY-LB/FT3 
RATIC EaLxL. FROZEN 

CHAMBER 2.8756-04 2.875E-04 
THROAT l.t47E-04 1.861E-04 

l.OOOE-Cl 4.949E-05 7.157E-05 
l.OOOE-C2 7.327E-06 1.794E-05 
l.OOOE-C3 l.O14E-06 4.471E-06 
l.OOOE-C4 1.346E-07 l.l09E-06 
5.000E-C5 7.291E-08 7.289E-07 
l.OOOE-C5 1.747E-08 2.748E-07 
5.000E-C6 9.435E-09 1. BOSE-07 
l.OOOE-C6 2.289E-09 
5.000E-C7 1.275E-09 
l.OOOE-07 4.283E-10 

PRE SSLRE ND7ZLE AREA RATIO IDEAL ISP-SEC kAC ISP-SEC 
RATIC EOUIL. FRGZEN EQUIL. FROZEh ECLIL. FHOZEN 

THROAT L.OOCE 00 l.OOOE 00 2393.1 2390.4 3972.2 3837.1 
l.OOOE-Cl 2.115E 00 1.669E OC 3995.4 3723.5 4660.6 4217.0 
l.OOOE-C2 l.il9E 01 5.627E OC 5101.0 4404.7 5452.9 4571.2 
l.OOOE-C3 7.175E 01 2.139E 01 5749.3 4649.3 5975.0 4712.6 
l.OOOE-C4 5.023E 02 8.450E 01 6184.4 4744.1 6342.4 4769.1 
5.000E-C5 9.120E 02 1.282E 02 6288.9 4759.3 6432.3 4778.2 
l.OOOE-C5 3.685E 03 3.385E 02 6496.7 4781-e 66 12.6 4791.8 
5.000E-C6 6.742E 03 5.147E 02 6573.7 4787.5 6679.7 4795.5 
l.OOOE-C6 2.716E 04 6727.6 68 13-C 
5.000E-C7 4.839E 04 6778.8 6854.9 
l.OOOE-C7 1.420E 05 6877.1 6921.8 

THROAT PRESSURE AATIOIEaUIL.1 = 0.5CZC 
THROAT PRESSURE PATIOIFROZENl = 0.4891 

ENTROPY - 6.530E 01 BTU/LB-DEG R 

CCLECCLAR WT. 
ECLIL. FROZEN 
C .5247 0.5247 
C-541% 0.5247 
0.593f G. 5247 
0.6744 0.5247 
C-7562 0.5247 
0.836d 0.5247 
O.B595 0.5247 
0.913C 0.5247 
C-9345 0.5247 
0.9814 
0.9974 
1.ccac 

VELOCITY-FT/SEC 
EQUIL. FROZEh 

MACH NUMBER 
ECLIL. FROZEN 

76997. 76910. 1 .coo 1 .occ 
128547. 119800. 2.144 2.127 
164119. 141718. 3.487 3.991 
184978. 149587. 4.711 6.664 
198978. 152637. 5.901 10.722 
202338. 153124. 6.260 12.332 
209026. 153850. 7.103 17.015 
211501. 154046. 7.476 19.528 
216454. 8.386 
218102. 8.774 
221264. 11.522 
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TA@LE 87 

PERFCRCANCE FARAMETERS FOR FYDROGEN AT A STAGNAIICN PRESSURE OF 
20. ATM AND A STAGNATICY TEMPERATURE OF 75CO0. CEG A 

THROAT FLCW PARAMETER(EaUIL.1 = 156.58 LB-SaRT(CEG RI/SEC-FTZ-ATM 
THROAT FLCW PARAMETERtFROZEN) = 157.60 LB-SQRTfCEG RI/SEC-FT2-ATM 

MAX kT FLCW PER UNIT AREA(EaUIL.1 = 11.435 LB/SEC-FT2 
MAX kT FLOW PER UNIT AREATFROZENJ = 11.51C LB/SEC-FTi 

THROAT PRESSURE RATIOIEaUIL.1 = 0.4874 
THROAT PRESSURE RATIOtFROZEN) = 0.4877 

ENTROPY = 7.C32E 01 BTU/LB-DEG P 

PRESSURE TEMPERATURE-DEG R 
RATIC EQUIL. FROZEN 

CHAMBER 75000. 75000. 
THROAT 57048. 56349. 

l.OOOE-C 1 36960. 29925. 
l.OOOE-C2 26862. 11914. 
l.OOOE-C3 21518. 4745. 
l.OOOE-C4 17935. 1691. 
5.000E-C5 17059. 1433. 
l.OOOE-C5 15269. 754. 
5.000E-C6 14581. 571. 
l.OOOE-C6 13112. 300. 
5.000E-C7 12513. 
l.OOOE-C7 11096. 

PRE SSLRE 
RATIC 

CHAMBER 
THROAT 

1.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
1.OOOE-C5 
5.000E-C6 
1 .OOOE-C6 
5.000E-C7 
L.OOOE-C7 

PRESSURE 
RATIO 

THROAT 
l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5. OOOE-C 5 
l.OOOE-C5 
5. OOOE-C 6 
l.OOOE-Cb 
5.000E-C7 
l.OOOE-C7 

DENSITY 
EQUI L. 

1.847E-04 
l.l89E-04 
3.969E-05 
6.19CE-06 
8.694E-07 
1.159E-07 
6.274E-08 
1.495E-08 
8.034E-09 
1.891E-09 
l.O13E-09 
2.397E-10 

--LB/FT3 
FROZEN 

1.847E-04 
l.l99E-04 
4.629E-05 
1.163E-05 
2.919E-06 
7.326E-07 
4.832E-07 
1.838E-07 
1.212E-07 
4.612E-08 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOcE 00 1.000E 00 
1.90OE 00 1.668E 00 
9.791E 00 5.614E OC 
6.260E 01 2.119E 01 
4.394E 02 8.277E 01 
7.994E 02 1.251E 02 
3.256E 03 3.273E 02 
5.994E 03 4.957E 02 
2.492E 04 1.301E 03 
4.612E 04 
1.91BE 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

1.406E 06 1.406E Ot 
1.221E 06 1.222E CC 
9.466E 05 9.616E C5 
6.946E 05 7.846E 05 
5.23BE 05 7.142E 05 
3.990E 05 6.861E C5 
3.677E 05 6.816E C5 
3.037E 05 6.7496 C5 
2.793E C5 6.731E C5 
2.290E 05 6.704E 05 
2.097E 05 
1.699E 05 

MCLEClLAR WT. 
ECLIL. FROZEN 
0.5C5f 0.5056 
C.508C 0.5C56 
0.535: C.5C56 
0.6067 0.5056 
0.682f 0.5056 
0.7587 0.5C56 
0 -7814 0.5C56 
C-833; 0.5056 
0.855 1 0.5056 
0.904f 0.5c5.6 
0.9255 
0.97cz 

VELCC ITY-FT/SEC 
EQUIL. FROZ Eh 

CACh NUMBER 
ECLIL. FROZEN 

96159. 95995. 1 .cco 1.000 
151623. 149114. 2 .C96 2.129 
188685. 176338. 3.612 3.991 
210119. 186073. 4.924 6.674 
224505. 189812. 6.162 lC.786 
227967. 190404. 6.530 12.427 
234888. 191281. 7.384 17.22C 
237468. 191516. 7.753 19.8Cl 
242713. 191864. 8 .C24 27.359 
244694. s.cc9 
248738. 9 -944 

IDEAL ISP-SEC 
EQUIL. FROZEN 
2988.7 2983. C 
4712.6 4634. t 
5864.5 5480. B 
6530.7 5783.3 
6977.8 5899.5 
7085.4 5917.9 
7300.5 5945.2 
7380.8 5952.5 
7543.8 5963.3 
7605.3 
7731 .o 

VAC ISP-SEC 
ECUIL. FROZEN 

4752.6 4777-c 
5415.8 5247.7 
6226.9 5687.2 
6762.4 5861.2 
7140.5 5930.0 
7233.4 554c.q 
7421.1 5957.2 
7491.7 5961.6 
7636.0 5968.1 
765C.7 
78C2.C 
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lA8LE 88 

PERFCRYANCE FARAHETERS FCR I-YCROGEN AT A STAGNATICN PRESSUPE OF 
20. ATM AND A STAGNATICN TEMPERATlRE OF 1CCCCO. CEG P 

THROAT’ FLCW PARAMETER(EQUIL.1 = 157.44 LB-SGRT(CE6 RI/SEC-FTZ-ATM 
THROAT FLCW PARAMETERtFROZEN) = 157.52 LB-SaRT1CEG RI/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREP(EQUIL.1 = 9.958 LB/SEC-FT i 
PAX WT FLOW PER UNIT ARELIFROZEN) = 9.962 LB/SEC-FT2 

THROAT PRESSURE AATIOIEaUIL.l = 0.4876 
THROAT PRESSURE RATIOTFROZENI = 0.4875 

ENTROPY = 7.320E 01 BTU/LB-DEG R 

PRESSLRE 
RATIC 

CHACBER 
THROAT 

1 .OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l .OOOE-C4 
5.000E-C 5 
l.OOOE-C5 
5.000E-C6 
1 .OOOE-C6 
5.000E-07 
l.Oc)OE-C7 

PRESSUPE 
RATlC 

CHAMBEP 
THROAT 

l.OOOE-C 1 
l.OOOE-C2 
1 .OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5. OOOE-C 6 
L.OOOE-C6 
5.000E-C7 
l.OOOE-C7 

PRESSURE 
RATIC 

THKOA T 
l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
l.OUOE-C7 

TEMPERATURE-DEG R 
EQUIL. FRCZEN 

loocoo. 100000. 
75 147. 75056. 
42230. 39853. 
28CO9. 15867. 
22 129. 6317. 
18387. 2516. 
17489. 1907. 
15676. 1002. 
14988. 759. 
13551. 399. 
12984. 
11739. 

DENSITY-LB/FT3 
EQUIL. FROZEN 

1.382E-04 1.382E-04 
8.973E-05 8.977E-05 
3,33CE-05 3.468E-05 
5.61CE-06 8.711E-06 
7.996E-07 2.188E-06 
1.07 lE-07 5.494E-07 
5.803E-08 3.625E-07 
1.38’E-08 1.380E-07 
?.42PE-09 9.102E-08 
1.742E-09 3.464E-08 
9.311E-10 
2.169E-10 

NOZZLE AREA RATIO 
E4UIL. FROZEN 

l.OOGE 00 l.OOOE 00 
1.731E 00 1.667E 00 
8.447E 00 5.613E 00 
5.383E 01 2.118E 01 
3.785E 02 8.268E 01 
6.892E 02 1.249E 02 
2.814E 03 3.267E 02 
5.18PE 03 4.947E 02 
2.168E 04 1.297E 03 
4.027E 04 
1.703E 05 

ENThALPY-BTU/LB 
EQUIL. FROZEh 

1.656E 06 1.656E CC 
1.410E 06 1.410E CC 
1.059E 06 1.063E CC 
7.735E 05 8.264E C5 
5.866E 05 7.324E C5 
4.512E 05 6.949E CC 
4.174E 05 6.889E C5 
3.482E C5 6.800E c5 
3.219E 05 6.776E C5 
2.674E 05 6.741E CC 
2.465~ 05 
2.028E C5 

MCLECLLAR kT. 
ECLIL. FRGZEN 
0.504c 0.5045 
C.504E 0.5045 
0.5133 c. 5045 
0.573: 0.5G45 
0.6456 0.5c45 
0.715( c-5045 
C.74C! 0.5045 
0.791’ 0.5c45 
0.812E 0.5c45 
o.etif c.5c45 
o-e825 
C.S29i 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

PACH NLCBER 
ECLIL. FRGZEN 

110972. 110975. 1 .coo l-CCC 
172760. 172302. 2.1C6 2.130 
210149. 203750. 3.735 3.991 
231336. 214994. 5.167 t-674 
245551. 219310. 6.465 lC.79G 
248977. 219994. 6.846 12.433 
255836. 221005. 7.728 17.231 
258399. 221276. 8.107 19.81t 
263624. 221677. e -994 27.388 
265606. 9.380 
269687. lC.298 

IDEAL ISP-SEC 
EQUIL. FROZEh 
3449.1 3449.2 
5369.6 5355.3 
6531.6 6332.7 
7190.2 6682.2 
7632.0 6816.4 
7738.5 6837-t 
7951.7 6869.1 
8031.3 6877.5 
8193.7 6889.9 
8255.3 
8382.1 

VAC ISP-SEC 
ECLIL. FROZEN 

5521.4 5520. I 
61C5.1 6C63.5 
68SC.6 6571.2 
74 1s.c 6772.2 
7752.9 6851.5 
78E4.9 6864.2 
8071.3 6e82.9 
8141.5 6E88.0 
82e5.8 6895.4 
8340.9 
8454.5 

95 



. . ._ 

TABLE 89 

PERFCRMANCE PARAMETERS FOR FYOROGEN AT A STAGNATICN PRESSURE OF 
20. Afb’ AN0 A STAGNATICN TEMPERATURE OF 15CCCO. CEG P 

THROAT FLCW PARAHETER(E9UIL.l = 157.52 LB-SQRT(CEC RI/SEC-FTZ-ATC 
THROAT FLCW PARAMETERiFROZEN) = 157.52 LB-SClRT(CEG RI/SEC-FTZ-ATM 

FAX WT FLCW PER lJNIT AREb(EQUIL.) = 8.134 LB/SEC-FTZ 
PAX WT FLOW PER UNIT AREA(FROZEN) = 8.134 LB/SEC-FT i 

THROAT PRESSURE RATIO(EQUIL.) = 0.4B73 
THROAT PRESSURE RATIOtFRCZEN) = 0.4B73 

ENTRCPY = 7,720E 01 BTU/LB-OEG R 

PRE SSLRE 
RATIC 

CHAMBER 
THROAT 

loOOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5. OOOE-C 6 
l.OOOE-C6 
5.000E-C7 
1 .OOOE-C7 

PRESSLRE 
RATIG 

CHAMBER 
THROAT 

l.OOOE-Cl 
1 .OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
50 OOOE-07 
l.OOOE-C7 

PRE SSLRE 
RATIO 

THROAT 
l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.00OE-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-07 
l.OOOE-C7 

TEHPERATLRE-OEG R 
EOUIL. FROZEN 

15ccoo. 150000. 
112528. 112527. 

59870. 59740. 
30394. 23800. 
23C50. 9484. 
18585. 3779. 
18041. 2865. 
16165. 1506. 
15464. 1142. 
14022. 600. 
13466. 455. 
12286. 

DENS1 TY 
EOUIL. 

9.208E-05 
5.98 iE-05 
2.30qE-05 
4.81flE-06 
7.128E-07 
9.653E-08 
5.238E-08 
1.251E-08 
6.721E-09 
1.575E-09 
8.406E-10 
1.946E-10 

-LB/FT3 
FRCZEN 

9.208E-05 
5.982E-05 
2.312E-05 
5.804E-06 
1.456E-06 
3.655E-07 
2.4.11E-07 
9.171E-08 
6.049E-08 
2.301E-08 
1.518E-08 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.COCE 00 l.OOOE OC 
1.669E 00 1.667E 00 
6.734E 00 5.616E 00 
4.203E 01 2.121E 01 
2.956E 02 8.284E 01 
5.386E 02 1.252E 02 
2.205E 03 3.276E 02 
4.070E 03 4.961E 02 
1.708E 04 1.302E 03 
3.180E 04 1,973E 03 
1.356E 05 

ENTHALPY-BTU/LB 
EOUIL. FROZEh 

2,149E 06 2.149E 06 
1.7EOE 06 1.7HOE OC 
1.260E 06 1.260E C6 
B.899E 05 9.052E C5 
6.771E 05 7.640E 05 
5.261E 05 7.077E 05 
4.885E 05 6.987E C5 
4.120E 05 6.853E C5 
3.829E 05 6.817E C5 
3.226E 05 6.764E C5 
2.995E 05 6.749E C5 
2.510E 05 

MCLECLLAR WT. 
ECUIL. FROZEN 
0.504; 0.5042 
0.504; 0.5042 
0.504 t 0.5042 
0.533 f 0.5042 
0.5997 0.5042 
0.668s 0.5042 
0.689E 0.5042 
0.738C 0.5042 
c.75at 0.5042 
0.806 1 0.5042 
0.826’ 0.5042 
0.872 7 

VELOC ITY-FT/SEC 
EQUILe FROZEh 

FACH NLPBER 
ECLIL. FRCZEN 

135981. 135981. l*COO l.GOO 
211064. 211052. 2.130 2.13C 
251096. 249570. 3.852 3.991 
271489, 263352. 5 .t3a 6.673 
285070. 268647. 7.c91 10.783 
288347. 269486. 7.506 12,423 
2’34916. 270729. 8.455 17.213 
297376. 271061. a.a6c 19.794 
302403. 271554. 9.801 27.35C 
304317. 271686. lC.207 31.428 
308278. 11.159 

IOEAL ISP-SEC 
EQUIL. FROZEh 
4226.4 4226.4 
6560.1 6559.7 
7804.3 7756.5 
8438:l 8185.3 
8860.3 8349.8 
8962-l 8375.9 
9166.3 8414.5 
9242.7 8424.8 
9399.0 8440.2 
9458.5 8444.3 
9581.6 

\AC ISP-SEC 
ECLIL. FROZEN 

6761.9 6761.9 
7428.4 7427-C 
8154.7 8049.1 
86Ct.8 8295.6 
9014.1 8392.9 
91C2.2 8408.5 
9281.0 8431.6 
9348.6 8437.7 
94f7.9 8446.9 
9541.2 8449.4 
9652.1 



TA@LE 90 

PERFCRHANCE PARAMETERS FOR I-YDROGEN AT A STAGNATICk PRESSUFE OF 
20. ATC AND A STAGNATICN TEMPERATURE OF ZCCCOO. CEG I; 

THROAT FLCW PARAHETERLEQUIL.) = 157.51 LB-SQRT(CEG RI/SEC-FTZ-ATT’ 
THROAT FLCW PARAMETERIFROZENL = 157.51 LB-SQRTtCEG RI/SEC-FTZ-ATC 

PAX WT FLOW PER UNIT AKEA(EQUIL.1 = 7.044 LB/SEC-FT2 
PAX Wl FLOW PER UNIT AREPTFROZEN) = 7.044 LB/SEC-FT2 

THROAT PRESSURE RATIOTEQUIL.) = 0.4B73 
THROAT PRESSURE RATIO(FRClZEN) = 0.4E73 

ENTROPY = 8.C04E 01 BTU/LB-DEG R . 

TEMPERATURE-DEG R ENTHALPY-BTU/LB HCLEClLAR kT. 
EQUIL. FROZEh ECLIL. FROZEN 

2.642E 06 2.642E CC 0.5041 c.5041 
2.150E 06 2.150E 06 0.5041 0.5041 
1.456E C6 1.456E 06 0.5041 0.5041 
9.805E 05 9.835E C5 0.512E 0.5041 
7.4356 05 7.954E C5 G.5705 c.5c41 
5.805E 05 7.204E 05 0.6365 0.5041 
5.402E 05 7.084E C5 0.657C 0.5c41 
4.583E 05 6.906E C5 0.703t 0.5041 
4.272E 05 6.858E C5 0.7236 0.5041 
3.62BE 05 6.787E 05 0.7697 0.5041 
3.381E 05 6.768E C5 0.7894 0.5041 
2.863E 05 6.739E C5 0.034t 0.5c41 

PRESSURE 
RATIC 

CHAk’BER 
THROAT 

l.OOOE-01 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.OOOF-c5 
l.OOOE-C5 
5.000E-C6 
l.OOOF-C6 
5.0OOE-07 
1.OUOE-07 

PRt SSURE DENSITY 
RATIO EQUIL. 

CHAMBER b.905E-05 
THROAT 4.486E-05 

1.000t-Cl 1.734E-05 
l.OOOE-C2 4.135E-06 
l.OOOE-03 6.559E-07 
l.OOOE-04 8.988E-08 
5.030E-05 4.885E-08 
1 .OOOE-C5 L.l70E-08 
5.000E-C6 6.288E-09 
l.OOOE-C6 1.475E-09 
5.000E-07 7.A69E-10 
1 .OOOE-07 1.8lqE-10 

PRk SSURE NO’ZLE AREA RATIO IDEAL I SP-SEC VAC ISP-SEC 
RATIO EQ’IIL. f= ROZEN EOUIL. FROZE\ ECLIL. FROZEN 

rH3OAT l.OOOE 00 l.OOOE 00 4880.B 4880.7 7808.3 7808.3 
1.030t-01 1.667E 00 L.667E 00 7574.7 7574.7 8516.0 8576.0 
l.OOOt-C2 5.906E 00 5.613E 00 8964. Y 8956.e 9319.7 9294.0 
1 .OOOli-C3 3.483E 01 2.119E 01 9582.8 9451.1 9752.1 9578.4 
l .OOOE-04 2.43YE 02 8.274E 01 9985.6 9640.9 10132.2 9690.6 
5.OUOE-05 4.445E 02 1.250E 02 10082.7 9671.C 102 16.2 9708.6 
l.OOOE-C5 1.821E 03 3.270E 02 10277.3 9715.5 10386.8 9735.2 
5.000E-C6 3.364E 03 4.952E 02 10350.3 9727.4 10451.3 9742.3 
l .OOOE-06 1.414E 04 1.299E 03 10499.5 9745.1 lOSE4.5 9752.9 
S.OGOE-07 2.636E 04 1.968E 03 10556.4 9749.8 10635.6 9755.7 
1 .OOOE-07 1.12BE 05 5.168E 03 10674.4 9756. B 10742.1 9759.9 

EQUI L. FROZEN 
2oocoo. 200000. 
150021. 150025. 

79646. 79636. 
33978. 31715. 
23831. 12632. 
19413. 5032. 
18423. 38 14. 
16482. 2004. 
15764. 1519. 
14301. 798. 
13742. 605. 
12571. 318. 

LB/FT3 
FROZEN 

6.905E-05 
4.486E-05 
1.734E-05 
4.355E-06 
l.O93E-06 
2.745E-07 
1.8 llE-07 
6.890E-00 
4.545E-08 
1.730E-08 
l.l41E-08 
4.342E-09 

VELOCITY-FT/SEC CACH NUMBER 
EOUIL. FROZEk ECUIL. FROZEN 

157034. 157033. l-COO 1.000 
243707. 243700. 2.130 2.13C 
288435. 288175. 3”Y 19 3.992 
308318. 304079. 6 .CO8 6.674 
321278. 310187. 7.671 10.788 
324400. 311155. 8.125 12.429 
330663. 312587. 9.149 17.225 
333010. 312970. 9.583 19.808 
337812. 313538. 10.584 27.374 
339642. 313690. 11.014 31.457 
343438. 313916. 12.017 43.424 
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TABLE 91 

PERFCRHANCE PARAMETERS FOR HYDROGEN-AT A STAGNATICN PRESSURE CF 
50. ATC AND A STAGNATICN TEMPERATURE OF 5cco. CEG R 

TtiROAT FLGW PARAMETER(EQUIL.1 = 286.01 LB-SQRTiCEG RI /SEC-FTZ-ATM 
THROAT FLGW PARAMETERlFROZENl = 288.81 LB-SQRTtCEG RI/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREA(EQUIL.) = 202.236 LB/SEC-FTE 
PAX WT FLOW PER UNIT AREA(FROZEN) = 204.219 LB/SEC-FT; 

THROAT PRESSURE RAlIOIEOUIL.) *= 0.5494 
THROAT PRESSURE RATIO(FROZEN) = 0.5445 

ENTROPY = 1.996E 01 BTU/LB-DEG I? 

PRESSURE TEMPERATURE-OEG R 
RATIO EQUI L. FROZEN 

CHAMBER 5000. 5000. 
THROAT 4425. 4344. 

l.OOOE-Cl 2963. 2871. 
l.OOOE-C2 1602. 1533. 
l.OOOE-C3 836. 751. 
l. OOOE-C4 432. 341. 

ENTHALPY-BTU/LB 
EOUIL. FROZEN 

1.952E 04 1.952E 04 
1.673E 04 1.671E C4 
l.057E 04 1.072E 04 
5.517E 03 5.818E 03 
2.841E 03 3.299E 03 
1.450E 03 2.107E C3 

MCLEClLAR WT. 
ECUIL. FROZEN 
Z-CO53 2.0053 
2.012C 2.0053 
2.016C 2.0053 
2.016C 2.0053 
2.C16C 2.0053 
2.ClbC 2.0053 

PRESSURE 
RATIO 

CHAMBER 
THROAT 

l.OOOE-Cl 
1 .OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 

DENSITY-LB/FT3 VELOCITY-FT/SEC t’ACH NUMBER 
EQUI L. FROZEN EQUIL. FROZEN EtUIL. FROZEN 

2.747E-02 2.747E-02 
1.71 lE-02 1.722E-02 11820. 11862. l-COO 1.000 
4.659E-03 4.785E-03 21167. 20990. 2.141 2.147 
8.61 SE-04 8.960E-04 26473. 26188. 3.577 3.577 
1.651E-04 1.828E-04 28893. 28494. 5.381 5.412 
3.19RE-05 4.027E-05 30073. 29522. 7.765 a.145 

PRESSURE NO?ZLE AREA RATIO IDEAL ISP-SEC LAC I SP-SEC 
RATIO EQIIIL. FROZEN EQUIL. FROZEN ECliIL. FROZEN 

THROAT l.OOOE 00 l.OOOE 00 367.4 368.7 654.8 C50.8 
l.OOOE-Cl 2.051E 00 2.034E 00 657.9 652.4 7t5.2 757.7 
1 .OOOE-C2 8.864E 00 8.704E 00 822.8 813.9 869.2 859.0 
l.OOOE-C3 4.23SE 01 3.921E 01 898.0 885. t 92C.2 905.9 
l.OOOE-C4 2.103E 02 1.718E 02 934.7 917-t 945.7 926.5 
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TABLE 92 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
50. ATM AN0 A STAGNATICN TEMPERATURE OF 6COO. CEG P 

THROAT. FLOW PARAHETERT EQUIL. 1 = 278.25 LB-SQRTTCEG RI/SEC-FTZ-ATM 
THROAT FLOW PARAHETERIFROZEN) = 285.19 LB-SQRTTCEE RI/SEC-FTZ-ATM 

PAX LtT FLOW PER UNIT AREATEOUIL.) = 179.612 LB/SEC-FT2 
PAX WT FLOW PER UNIT AREATFROZENI = 184.087 LB/SEC-FTi 

THROAT PRESSURE RATIOTEQUIL.) = 0.5616 
THROAT PRESSURE AATIOTFROZENI = 0.5456 

ENTROPY = 2.117E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLEClLAR WT. 
RATIG EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER 6CO0. 6000. 2.616E 04 2.616E 04 1.9612 1.9612 
lH&UAT 5488. 5225. 2.282E 04 2.272E 04 1.9819 1.9612 

l.OOOE-Cl 3963. 3479. 1.472E 04 1.532E 04 2.0135 1.9612 
1 .OOOE-C2 2237. 1888. 7.807E 03 9.205E 03 2.Cl6C 1.9612 
1 .OOOE-C3 1182. 943. 4.043E 03 6.005E 03 2.016C 1.9612 
l.OOOE-C4 614. 435. 2.073E 03 4.463E 03 2 .C16C 1.9612 
4.000E-C5 472. 1.586E 03 2.016C 

PRESSURE DENSITY-LB/FT3 
RAT IO EQUIL. FROZEN 

CHAMBER 2.239E-02 2.239E-02 
THROAT 1.389E-02 1.403E-02 

l.OOOE-01 3.480E-03 3.861E-03 
1 .OOOE-C2 6.173E-04 7. L13E-04 
l.OOOE-C3 l.l68E-04 1.424E-04 
l.OOOE-C4 2.249E-05 3.089E-05 
‘t.OOOE-C5 1.171E-05 

PRESSURE NOZZLE AREA RATIO IDEAL 
RATIG EQUIL. FROZEN EQUIL. 

THROAT l.COCE 00 l.OOOE 00 401.9 
l.OOOE-Cl 2.157E 00 2.046E 00 743.8 
1 .OOOE-C2 9.600E 00 8.884E 00 942.0 
l.OOOE-c3 4.621E 01 4.071.E 01 1034.1 
l.OOOE-C4 2.3OOE 02 1.809E 02 1079.2 
4.000E-C 5 4.372E 02 1090.1 

VELOCITY-FT/SEC MACH NUMBER 
EQUIL. FROZEN ECUIL. FROZEN 

12931. 13125. l.COO A.OOC 
23931. 23296. 2.131 2.14s 
30308. 29132. 3.493 3.566 
33272. 31762. 5.22c 5.356 
34723. 32954. 7.536 7.995 
35072. 8.672 

ISP-SEC 
FROZEh 

407.9 
724.1 
905.4 
987.2 

1024.3 

bAC I SP-SEC 
ECUIL. FRCZEN 
732.7 721.5 
87C.9 841.7 
958.6 956.5 

1061.4 101C.6 
lC92.8 1034.6 
llCC.4 
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TA@LE 93 

PERFCRCANCE PARAMETERS FCR HYDROGEN AT L STAGNATICN PRESSURE OF 
50. ATM AND A STAGNATICN TEMPERATURE OF 7CC0. CEG R 

THROAT FLCW PARAMETERlEOUIL.1 = 267.94 LB-SORTTCEG RI/SEC-FTZ-ATM 
THROAT FLCW PARAMETERTFRCZEN) = 277.58 LB-SQRTTCEG RI/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREAIEQUIL.) = 160.125 LB/SEC-FT2 
CAX WT FLOW PER UNIT AREATFROZEN) = 165.883 LB/SEC-FTi 

THROAT PRESSURE RATICTEQUIL.) = 0.5681 
THROAT PRESSURE RATIOTFRCZEN) = 0.5436 

ENTROPY = 2.283E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECCLAR WT. 
RATIO EQUIL. FROZEN EQUIL. FROZEh ECUIL. FROZEN 

CHAMBER 7coo. 7000. 3.700E 04 3.700E 04 1.8468 1.8468 
THROAT 6526. 6067. 3.2926 04 3.2726 04 1 .B795 1.8468 

l.OOOE-Cl 5214. 4002. 2.241E 04 2.366E C4 1.9665 1.8468 
l.OOOE-C2 3427. 2151. 1.246E 04 1.622E 04 2.014E 1.8468 
l.OOOE-C3 1892. lC!6B. 6.551E 03 1.236E C4 2.C16C 1.8468 
l.OOOE-C4 992. 490. 3.382E 03 1.051E 04 2.C16C 1.8468 
4. OOOE-C 5 765. 2.593E 03 2.Cl6C 
l.OOOE-C5 514. 1.730E 03 2.016C 
4.000E-C 6 394. 1.322E 03 2.016C 

PRESSURE DENSITY-LB/FT3 
RAT IO E4UIL. FROZEN 

CHAMBER 1.807E-02 1.807E-02 
THROAT l.l21E-02 l.l33E-02 

l.OOOE-Cl 2.583E-03 3.161E-03 
l.OOOE-C2 4.027E-04 5.8BOE-04 
1 .OOOE-C3 7.29BE-05 l.l84E-04 
l.OOOE-C4 1.392E-05 2.580E-05 
4.000E-C5 7.224E-06 
l.OOOE-C5 2.687E-06 
4.000E-C6 1.401E-06 

PRESSURE NOZZLE AREA RATIO IDEAL I SP-SEC \Ac Is+SEC 
RATIC EQUIL. FROZEN EQUIL. FROZEN ECLIL. FROZEN 

THKOA T l.OOCE 00 l.OOOE 00 444.0 454.9 8 19.4 801.6 
l.OOOE-Cl 2.294E 00 2.031E 00 840.0 803.2 991.6 932.8 
l.OOOE-C2 1.135E 01 8.749E 00 1089.3 lG02.3 1164.3 1058.1 
l.OOOE-C3 5.620E 01 3.990E 01 1213.4 lC9L.4 125C.5 1116.9 
l.OOOE-C4 2.805E 02 1.766E 02 1275.0 1131.7 12S3.5 1142.9 
4.000E-C5 5.341E 02 1289.9 13c4.0 
l.OOOE-C5 1.41FE 03 1305.9 1315.3 
4.000E-C6 2.704E 03 1313.5 132C.6 

;E$;ITY-FT/SEC FACH NUMBER 
. FROZEN ECUIL. FROZEN 

14285. 14635. l-CCC l-CCC 
27026. 25844. 2.156 2.150 
35048. 32247. 3.333 3.581 
39040. 35116. 4.870 5.391 
41022. 36410. 7.019 8.063 
41501. 8 -080 
42018. 9.957 
42260. 11.415 
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TABLE 94 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSUPE CF 
50. ATM AND A STAGYATICN TEMPERATURE OF 8CCO. CEG P 

THROAT FLOW PARAMETERIE’JU1L.I = 253.69 LB-SORTTCEG RI/SEC-FTZ-ATM 
THROAT FLCW PPRAMETERTFROZEN) = 265.07 LB-SQRTTCEG RI /SEC-FTZ-ATM 

MAX kT FLCW PER UNIT AREATEQUIL. I = 141.815 LB/SEC-FTE 
MAX kf FLOW PER UNIT AREPTFROZEN) = 148.18C LB/SEC-FT2 

THROAT PRESSURE RATICIEQUIL.l = 0.5683 
THKOAT PRESSURE RATICIFROZEN1 = 0.5372 

ENTROPY = 2.514E 01 BTU/LB-DEG R 

PRCSSUHE 
RATIO 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
L. OOOE-c 3 
l.OOOE-C4 
4.000E-C5 
1.000E-C5 
4.000E-C6 
L.OcJOE-C6 
4.00OE-C7 

PRF SSLRE 
RATIC 

CHAMBER 
THRCA T 

l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
1.000E-C4 
4.00OE-C5 
l.OOOE-C5 
4.000E-C6 
l.OOOE-06 
4.000E-C7 

PRESSURE 
RATIO 

THROAT 
l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
4.000E-C5 
l.OOOE-C5 
4.OOOE-C6 
l.OOOE-C6 
4.000E-C7 

TEMPERATURE-DEG R 
EOUIL. FROZEN 

8000. 8000. 
7492. 6828. 
6205. 4366. 
4855. 2246. 
3429. 1073. 
1913. 478. 
1484. 
lCO4. 

774. 
520. 
399. 

DENSITY- 
EQUIL. 

1.415E-02 
8.791E-03 
1.995E-03 
2.736E-04 
4.019E-05 
7.217E-06 
3.72lE-06 
1.376E-06 
7.140E-07 
2.656E-07 
1.385E-07 

LB/FT3 
FKOZEN 

1.415E-02 
8.907E-03 
2.593E-03 
5.039E-04 
l.O55E-04 
2.367E-05 

NOZZLE AREA RATIO IOEAL ISP-SEC 
EQUIL. FROZEN EQUIL. FROZEN 

l.OOOE 00 l.OOOE 00 501.4 517.1 
2.325E 00 1.978E 00 950.2 898.2 
1.292E 01 8.219E 00 1246.7 1111.9 
7.7146 01 3.626E 01 1421.6 1204.3 
4.019E 02 l.563E 02 1519.6 1244.7 
7.673E 02 1543.7 
2.041E 03 1569.8 
3.9026 03 1582.0 
1.040E 04 1595.3 
1.987E 04 1601.5 

ENTHALPY-BTU/LB 
EOUIL. FROZEN 

5.438E 04 5.438E 04 
4.9186 04 4.885E 04 
3.571E 04 3.769E C4 
2.224E 04 2.881E C4 
1.259E 04 2.439E 04 
6.628E 03 2.234E C4 
5.101E 03 
3.422E 03 
2.624E 03 
1.751E 03 
i.338E 03 

MCLEClLAR WT. 
ECLIL. FROZEN 
1.652e 1.6528 
1.6919 1.6528 
1.8071 1.6528 
1.93si 1.6528 
2.c12: 1.6528 
2.Cl6C 1.6528 
2.016C 
2.ClbC 
2.C16C 
2.016C 
2.016C 

VELOCITY-FT/SEC 
EQUIL. FROZEh 

MACH NLMBER 
ECLIL. FROZEN 

16132. 16636. 1 .cco l.COC 
30571. 28899. 2.170 2.148 
40110. 35773. 3.335 3.63C 
45737. 38746. 4.396 5.552 
48891. 40047. 6 .C66 8.425 
49666. 6.966 
50506. 8.592 
50900. 9.@53 
51327. 12.C93 
51528. 13.837 

kAC ISP-SEC 
ECUIL. FROZEN 
925.4 900.6 

1123.7 lC39.4 
1343.1 1170.6 
1479.1 1230.2 
1549.6 1255.9 
15C6.6 
15E5.0 
1593.7 
16C3.1 
1tc7.5 
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TABLE 95 

PERFCRPAhCE PARAMETERS FOR bYOROGEN AT A STAGNATICN PRESSUPE OF 
50. ATC AN0 A STAGNATICN TEMPERATURE OF 9COO. CEG R 

THROAT FLCW PARAHETER(EQUIL.1 = 237.12 LB-SCRT(CEG R)/SEC-FT2-ATM 
THROAT FLCW PARAHETER(FROLEN) = 250.32 LB-SQRT(CEG RI/SEC-FTZ-ATP 

PAX WT FLOW PER UNIT AREL(EQUIL. 1 = 124.972 LB/SEC-FTZ 
PAX WT FLOW PER UNIT AREA(FROZEN) = 131.93C LB/SEC-F12 

THROAT PRESSURE RATIO(EQUIL.) = 0.5654 
THROAT PRESSURE RATIOiFROZEN) = 0.5262 

ENTROPY = 2.795E 01 BTU/LB-OEG R 

PRESSURE TEMPERATURE-OEG R ENTHALPY-BTU/LB HCLEClLAR kT, 
RATIO EQUIL. FROZEN EQuIL. FROZEN ECUIL. FROZEN 

CHAMBER 9coo. 9000. 7.830E 04 7.830E C4 1.4273 1.4273 
THROAT 8395. 7478. 7.149E 04 7.095E C4 1.4675 1.4273 

l.OOOE-01 6959. 4550. 5.427E 04 5.730E 04 l-589? 1.4273 
l.OOOE-C2 5616. 2180. 3.708E 04 4.692E C4 1.743C 1.4273 
l.OOOE-C3 4601. 981. 2.4216 04 4.208E 04 I.8822 1.4273 
l.OOOE-C4 3630. 420. 1.446E 04 3.996E C4 1.59c5 1.4273 
4.000E-C5 3118. 1.139E 04 2.CllC 
l.OOOE-C5 2220. 7.746E 03 2.016C 
4.000E-C6 1730. 5.970E 03 2.016C 
l.OOOE-C6 1173. 4.010E 03 2.C16C 
4. OOOE-C 7 905. 3.077E 03 2.C16C 
l.OOOE-C7 609. 2.056E 03 2.016C 

PRtSSURE OENSI TY- 
RATIO EQUILo 

CHAMBER l.O86E-02 
THROAT 6.771E-03 

l.OOOE-Cl 1.564E-03 
l.O00E-0 2 2.126E-04 
l.OOOE-C3 2.802E-05 
L.OOOE-C4 3.756E-06 
4.000E-C5 1.767E-06 
1. OOOE-C 5 6.22CE-07 
4.000E-C6 3.1936-07 
l.OOOE-C6 1.177E-07 
4.000E-07 6.106E-08 
l.OOOE-07 2.268E-08 

PRE SSUR E NOZZLE AREA RATIO IDEAL ISP-SEC bAC ISP-SEC 
RATI 0 EQlrIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

THKOAT l.COCE 00 l.OOOE 00 573.6 596.G lG52.3 101d.O 
l.OOOE-C 1 2.304E 00 1.894E 00 1077.9 1007.7 1272.9 1159.6 
l.OOOE-C2 1.294E 01 7.423E 00 1411.8 1231.8 1521.4 1291.3 
l.OOOE-C3 8.571E 01 3.111E 01 1617.2 1323.3 16ES.8 1348.3 
l.OOOE-C4 5.886E 02 1.2926 02 1756.9 1361.7 18C6.8 1372-C 
4.000E-C5 1.222E 03 1798.8 1840.2 
l.OOOE-C5 3.3816 03 1847.1 1875.7 
4.000E-C6 6.504E 03 1870.2 1852.2 
l.OOOE-C6 1.741E 04 1895.4 191C.l 
4.000E-C7 3.335E 04 1907.2 1918.5 
l.OOOE-07 8.921E 04 1920.1 1927.7 

,LB/FT3 
FKOZEN 

l.O86E-02 
6.8BOE-03 
2.149E-03 
4.485E-04 
9,96lE-05 
2.330E-05 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

18456. 19176, 
34680. 32422. 
45424. 39631. 
52032. 42577. 
56528. 43810. 
57875. 
59428. 
60172. 
60981. 
61363. 
61778. 

)rACH NUMBER 
ECLIL. FROZEN 

1 .ooo 1.000 
2.176 2.144 
3.358 3.714 
4.433 5.829 
5.471 9.043 
5.861 
6 -8‘76 
7.835 
9.604 

LO.592 
13.462 
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TABLE 96 

PERFCRMANCE PARAMETERS FOR HYCROGEN AT A STAGNATICN PRESSURE CF 
50. ATM AN0 A STAGNATICN TEMPERATURE OF 1CCCC. CEG F 

THHOAl FLCW PARAMETERLEQUIL.) = 223.39 LB-SQRTLCEE RI/SEC-Fit-ATM 
THROAT FLCW PPRAMETER(FROZEY1 = 238.10 LB-SQKTfCEG RI/SEC-FTZ-ATM 

MAX rrl FLOW PER UNIT AREATEQUIL.1 = 111.697 LB/SEC-FTE 
PAX ulT FLOW PER UNIT AREA(FROZENI = 119.049 LB/SEC-FTL 

THROAT PRESSURE RATIO(EClUIL.) = 0.5614 
THROAT PRESSURE HATIDLFROZEN) = 0.5134 

ENTROPY = 3.C64E 01 BTU/LB-OEG R 

PRkSSURE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OfJOF-cz 
1.000lt-c3 
l.OUOE-C4 
4.000E-C5 
l.OOOE-C5 
4.0DOE-C6 
1 .OOOE-C6 
4.000E-CT 
I. OUOE-07 

PRt SSURE 
RATIC 

CHAMRE P 
THKOA 1 

l.OOOE-Cl 
A.OOOE-C2 
l.OOOE-C3 
1 .ooof--c4 
4.00DE-C5 
l.OUOE-C5 
4.OUOE-C6 
l.OOOE-C6 
4.OUUF-C7 
l.OUOE-C7 

PRL SSURE 
RATIC 

THKDA i 
l.OOOE-01 
1 .OOOE-C2 
l.OOOE-C3 
l.OUOE-C4 
4.000E-C5 
l.OUOE-C5 
4.0DOE-C6 
l.OOOE-C6 
4.000E-C7 
l.OOOE-C7 

TEMPERATURE-DEG R 
EQUI L. FROZEN 
lOGOO. 1COOO. 

9232. 8044. 
7544. 4648. 
6C75. 2073. 
5055. 885. 
4266. 366. 
3984. 
3552. 
3222. 
2483. 
1948. 
1325. 

DENS1 TY-LB/FT3 
EQUIL. FROZEN 

H. 520E-03 8.52OE-03 
5.345E-03 5.438E-03 
1.272E-03 1.833E-03 
1.754E-04 4.llOE-04 
2.306E-05 9.626E-05 
2.952E-06 2.328E-05 
1.299E-06 
3.773E-07 
1.695E-07 
5.561E-08 
2.836E-08 
1.042E-08 

NOZZLE AREA RATIO 
EQLIL. FKOZEN 

l.COCE 00 l.OOoE 00 
2.264E 00 1.808E 00 
1.260E 01 6.6AOE 00 
8.389E 01 2.675E 01 
6.032E 02 1.079E 02 
1.337E 03 
4.459E 03 
9.756E 03 
2.911E 04 
5.65CE 04 

‘t.520E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

1.039E 05 1.039E 05 
9.514E 04 9.429E C4 
7.383E 04 7.808E C4 
5.287E 04 6.631E 04 
3.728E 04 6.116E c4 
2.526E 04 5.8Y9E C4 
2.123E 04 
1.5t13E 64 
1.27OE 04 
8.747E 03 
6.753E 03 
4.542E 03 

MCLECCLAR WT. 
ECLIL. FKOZEN 
1.2435 1.2439 
1.2834 1.2439 
1.4ClC 1.2439 
1.555c 1.2439 
1.7021 l-.2439 
l-B385 1.2439 
1.88e: 
1.957’ 
1.992 ( 
2.015 ‘ 
2.Cl6C 
2.ClbC 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

FACh NUMBER 
ECLIL. FRCZEN 

20897. 21992. l.COO l.OCC 
3877s. 35926. 2.183 2.135 
50527. 43360. 3.388 3.809 
57733. 46238. 4.478 6.133 
62130. 47396. 5.528 S.693 
64318. 5.943 
66387. 6.573 
67556. 6.977 
69CO4. 7.627 
69724. 8.579 
70513. 10.456 

IOEAL ISP-SEC 
EQUIL. FROZ Eh 

64% 5 680.4 
1205.2 1116.6 
1570.4 1347.7 
1794.4 1437.1 
1949.7 1473.1 
1999.1 
2063.4 
2099.7 
2144.7 
2167.1 
21Y1.6 

\AC 1 St’- SEC 
ECLIL. FROZEN 

iie1.2 1136.7 
1419.6 1277.3 
16e9.8 1407.c 
1873.9 146C.9 
2CCC.8 148i.7 
2045.7 
21135.6 
2136.7 
2112.3 
21f8.5 
22cc.o 
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TABLE 97 

PERFCRMANCE PARAMETERS FOR HYOROGEN AT A STAGNATICN PRESSURE OF 
50. ATM AND A STAGNATICN TEMPERATURE OF 12CO0. CEG F 

THROAT FLOW PARAMETERLEOUIL.1 = 201.90 LB-SQRTLCEC RI/SEC-fT2-ATM 
THROAT FLOW PARAHETERLFROZENI = 216.29 LB-SQRTLCEG RI/SEC-FT2-ATM 

PAX wT FCOW PER UNIT AREA(EQUIL.1 = 92.155 LB/SEC-FT2 
FAX WT FLOW PER UNIT AREA(FROZEN1 = 98.72C LB/SEC-FT2 

THROAT PRESSURE RATIO~EQUIL.1 = 0.5251 
THROAT PRESSURE RATIOIFRCZENI = 0.4684 

ENTROPY = 3.399E 01 BTU/LB-OEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECLLAR WT. 
RATIO EOUIL. FROZEN EQUIL. FROZ Eh ECLIL. FROZEN 

CHAMBER 12noo. 12000. 1.391E 05 1.39LE 05 1 .C67C 1.0674 
THROAT lOAO4. 9017. 1.270E 05 1.256E 05 1.1051 1.0674 

l.OOOE-Cl 8 309. 5009. 1.004E 05 1.060E c5 1.208C 1.0674 
l.OOOE-C2 6545. 2059. 7.403E 04 9.176E 04 1.3541 1.0674 
l.ODOE-C3 5430. 835. 5.488E 04 8.594E 04 1.4965 1.0674 
l.OOOE-C4 4629. 335. 4.022E 04 B.359E C4 1.634C 1.0674 
4.000E-C5 4364. 3.529E 04 1.686E 
l.OOOE-C5 4co4. 2.86lE 04 1.764t 
4. OOOE-C 6 3786. 2.465E 04 1.814’ 
l.OOOE-C6 3471. 1.925E 04 1.8861 
4.000E-07 3263. 1.603E 04 1.930? 
1. OOOE-C 7 2905. 1.169E 04 1.9881 

PRESSURE DENSITY-LB/FT3 
RATIO EQUIL. FROZEN 

CHAMBER 6.092E-03 6.092E-03 
1HROAT 3.74 8E-03 3.797E-03 

l.OOOE-Cl 9.957E-04 1.460E-03 
l.OOOE-C2 1.417E-04 3.551E-04 
l.OOOE-C3 1.88 BE-05 8.757E-05 
l.OOOE-C4 2.418E-06 2.179E-05 
4.000E-C5 l.O59E-06 
l.OOOE-C5 3.018E-07 
4.00OE-C6 1.313E-07 
l.OOOE-C6 3.72lE-08 
4.000E-C7 1.62lE-08 
1 .OOOE-07 4.68 7E-09 

PRESSURE NOZZLE AREA RATIO IOEAL ISP-SEC LAC I SP-SEC 
RATIO EQUIL. FROZEN EOUIL. FROtEh ECUIL. FROZEN 

THROAT l.OOOE 00 l.OOOE 00 764.2 808.C 1367.0 1310.0 
1. OOOE-C 1 2.101E 00 1.661E 00 1369.0 1265.4 161C.3 1443.4 
l.OOOE-C2 1.139E 01 5.711E 00 1774.1 1513.2 19C4.8 1574.4 
l.OOOE-C3 7.516E 01 2.1B5E 01 2018.2 1603.5 21C4.5 1626.9 
l.OOOE-C4 5.417E 02 8.593E 01 2186.8 1638.6 2249.0 1647.8 
4.000E-C5 1.207E 03 2240.7 2296.1 
l.OOOE-C5 4.105E 03 2311.6 2358.7 
4.000E-C6 9.272E 03 2352.7 2395.3 
1 .OOOE-06 3.197E 04 2407.6 2444.3 
4.000E-C7 7.2456 04 2439.6 2472.9 
l.OOOE-07 2.462E 05 2482.4 25 lC.6 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

PACH NUMBER 
ECUIL. FRCZEN 

24587. 25997. l.COO l.OOC 
44047. 40712. 2.173 2.094 
57079. 48687. 3.426 3.885 
64933. 51592. 4.551 6.438 
70360. 52719. 5.622 10.355 
72092. 6.041 
74374. 6.C70 
75696. 7.086 
77462. 7.720 
78493. 8.144 
79867. 8.776 
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TABLE 98 

PERFCRMANCE “ARAHETERS FOR kYDROGEN AT A STAGNATICN PRESSURE CF 
50. ATlu AND A STAGNATICN TEMPERATURE OF 14CC0. CEG P 

THROAT FLCrr PARAHETERIEQUIL.) = 215.09 LB-SQRTICEG RI/SEC-FTZ-ATY 
TnRUAl FLCd PARAMETERIFROZEN) = 214.99 LB-SQRTfCEG RI/SEC-FTZ-ATM 

CAX hi FLOW PER UNIT AREP(EQUIL.1 = 90.892 LB/SEC-FTi 
PAX kT FLOW PER UNIT AREATFROZtNl = 90.85C LB/SEC-FTZ 

THROAT PRESSURE RATIO(EQUIL.1 = 0.5511 
THROAT PRESSURE RATIOtFROZEh) = 0.466? 

ENTRCPV = 3.53lE 01 BTU/LB-DEG A 

PRE SSUQE TEMPERATURE-DEG R ENTHALPY-BTU/LB PCLECtLAR hi. 
RATIC EQUIL. FROZEN EQUIL. FROZEh EGLIL. FRGZEN 

CHAMBER 14coo. 14000. 1.561E 05 1.56lE cc 1 .C27E 1.027R 
THRUA 1 11777. 10388. 1.414E 05 1.396ir: 05 1.C47E 1.027R 

1.000t-C1 8698. 5672. 1.115E 05 1.164E C5 1.1437 1*027@ 
1 .OOOE-C2 6730. 2285. 8.277E 04 9.977E C4 1 .235t i-0278 
l.OOOE-C3 5556. 916. 6.212f 04 9.3llE C4 1.4252 1.02 I8 
l.OOOE-c4 4735. 366. 4.639E 04 9.044E 04 1.56Ci 1.02’iP 
4.000E-C5 4467. 4.lllE 04 1.6121 
l.OOOE-C5 4108. 3.3YbE C4 1 .c9cc 
4.Oc)OE-C6 3894. 2.97lE 04 1.74cc 
l.OOOt-C6 3595. 2.3906 04 1.e13r 
4.OOOE-C7 3408. 2.043E 04 1.86C 1 
I .OOOE-07 3128. 1.568E 04 1.9267 

PRE SSCIPE DENSITY-LB/FT3 
RATIO EQUIL. FROZEN 

CHAMBER 5.029E-03 5.029E-03 
IHRUAT 3.358E-03 3.160E-03 

1. OOOE-C 1 q.OOAE-04 1.241E-03 
l.OOOE-C2 1.308E-04 3.081E-04 
l.OOOE-C3 1.757E-05 7.689E-05 
l.OOOE-C4 2.257E-06 1.925E-05 
4.000E-C5 9.88YE-07 
l.OOOE-C5 2.818E-07 
4.000E-C6 1.224E-07 
l.OOOE-C6 3.455E-08 
4.OOOE-07 1.495E-08 
l.UOOE-CT 4.219E-09 

PRE SSUPE NOZZLE AREA RATIO IDEAL ISP-SEC \AC I SP-SEC 
RATIC EQUIL. FROZEN EQUIL. FROZE& ECLIL. FROZEN 

THROAT l.COOE 00 l.OOOE 00 841.3 893.6 14e2.7 1436.6 
l.OOOE-Cl 2.137E 00 1.642E 00 1467.7 1395.9 1716.4 1577.1 
l.OOOE-C2 1.147E 01 5.553E 00 1882.9 1650.2 2016.4 1714.9 
l.OOOE-C3 7.543E 01 2.104E 01 2131.7 174s. 1 22 ls.5 1769.7 
l.OOOE-C4 5.434E 02 8.233E 01 2303.3 1781.7 23te.5 1791.3 
4.00OE-C5 1.211E 03 2358.0 2414.4 
l.OOOE-C5 4.126E 03 2430.2 247e.3 
4.000E-C6 9.335E 03 2472.1 2515.6 
l.OOOE-C6 3.234E 04 2528.3 2565.9 
4.000E-C7 7.377E 04 2561.3 25F5.6 
l.OOOE-07 2.57CE 0.5 2605.8 2635.7 

VELOC ITY-FT/SEC 
EQUIL. FRClZEh 

CACH NLCBER 
ECLIL. FRGZEK 

27067. 28752. 1 .ccc l.COO 
47220. 44590. 2.204 2.096 
60582. 53093. 3.486 3.925 
68585. 56148. 4.632 6.546 
74105. 57325. 5.719 10.566 
75867. 6.143 
78190. 6.779 
79538. 7.198 
81344. 7 .@32 
82406. 8.254 
83838. 8.901 

105 

P 



TABLE 99 

PERFCRCANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSUPE OF 
50. ATM AND A STAGNATION TEMPERATURE OF 16CC,O. CEG R 

THROAT FLOW PARAMETER(EQUIL.1 = 218.23 LB-SQRT(CEG RI/SEC-FT2-ATM 
THROAT FLOW PARAHETER(FROZEN1 = 223.19 LB-SQRTtCEG RI/SEC-FTZ-ATM 

lvAX nT FLOW PER UNIT AREAfEQUIL.1 = 86.265 LB/SEC-FTE 
PAX WT FLOW PER UNIT AREATFROZENI = 88.225 LB/SEC-FTi 

THROAT PRESSURE PATIOTEQUIL.) = 0.5467 
THROAT PRESSURE PATIO(FROZEN1 = 0.4886 

ENTROPY = 3.612E 01 BTU/LB-OEG R 

PRESSURE TEMPERATURE-DEG R 
RATIO EQU IL. FROZEN 

CHAMBER 16000. 16000. 
THAOAT 12975. 12049. 

l.OOOE-Cl 8598. 6400. 
l.OOOE-C2 6849. 2503. 
1.000E-C3 5631. 959. 
l.OOOE-C4 4794. 364. 
4. OOOE-C 5 4524. 
l.OOOE-C5 4163. 
4.000E-C6 3YSO. 
l.OOOE-C6 3655. 
4.000E-C7 3474. 
l.OOOE-C7 3211. 

PRESSURE 
RATIO 

CHAMBER 
THROAT 

l.OOOE-01 
l.OOOE-c2 
l.OOOE-C3 
1 .OUOE-C4 
4.OOOE-C5 
l.OOOE-C5 
4.000E-C6 
l.OOOE-C6 
4.OOOE-C7 
l.OOOE-07 

PRESSURE 
RATIO 

THROAT 
l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-03 
l.OOOE-C4 
4.000E-C5 
1 .OOOE-C5 
4.000E-C6 
l.OOOE-C6 
4.000E-C7 
1 .OOOE-07 

DENSITY-LB/FT3 
EQUIL. FROZEN 

4.35 lE-03 4.351E-03 
2.964E-03 2.823E-03 
8.434E-04 1.0886-03 
1.246E-04 2.782E-04 
1.683E-OS 7.260E-05 
2.168E-06 1.915E-05 
9.503E-07 
2.708E-07 
1.176E-07 
3.316E-08 
1.433E-08 
4.022E-09 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOOE 00 l.OOOE 00 
2.056E 00 1.668E 00 
1.095E 01 5.520E 00 
7.19lE 01 2.007E 01 
5.180E 02 7.471E 01 
1.155E 03 
3.936E 03 
8.912E 03 
3.093E 04 
7.069E 04 
2.476E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

1.681E 05 1.681E G5 
1.512E 05 1.486E OS 
1.187E 05 1.209E 05 
8.823E 04 1.022E C5 
6.662E 04 9.491E C4 
5.022E 04 9.214E 04 
4.472E 04 
3.728E 04 
3.286E 04 
2.682E 04 
2.320E 04 
1.823E 04 

CCLEClLAR WT. 
ECUIL. FRCIZEN 
1.0164 1.0164 
1 .C27C 1.0164 
1.108C 1.0164 
1.2462 1.0164 
1.383E 1.0164 
1.5174 1.0164 
1.5691 
1.6462 
1 .t96C 
1.7696 
1.8167 
1.8851 

VELOC ITV-FT/SEC 
EQUIL. FROZEN 

CACH NUMBER 
ECUIL. FROZEN 

29106. 31248. 1 .coo l.OCC 
49754. 48619. 2.238 2.125 
63234. 57456. 3.546 3.979 
71277. 60533. 4.708 6.734 
76821. 61666. 5.BC9 11.113 
78591. 6.237 
80926. 6.879 
82281. 7.301 
84099, 7.939 
85170. 8.362 
86619. 9.cc9 

IDEAL ISP-SEC LAC ISP-SEC 
EQUIL. FROZEN ECUIL. FROZEN 

904.6 971.2 1575.2 1557.2 
1546.4 1511.1 1798.6 1711.2 
1965.4 1785.8 2059.6 1852.0 
2215.4 1881.4 23C3.6 1905.5 
2387.7 1916.6 2451.2 1925.6 
2442.7 2499.4 
2515.2 2563.5 
2557.4 26Cl. 1 
2613.9 2651.8 
2647.2 26Bl.8 
2692.2 2722.6 
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TA@LE 100 

PERFCHPANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSUFE C!F 
50. ATM AND A STAGNATICN TEMPERATURE OF 18CCC. CEC P 

TiROAT FLCW PARAMElERIEQU1L.l = 220.19 LB-SQKTICEC RI/SEC-FTZ-ATM 
THHUAT FLCk PARAMETERCFROZEN) = 222.93 LB-SCRTlCEC RI/SEC-FTZ-Ail’ 

PAX b-iT FLOW PER UNIT AREA(EQUIL.1 = 82.061 LB/SEC-FTi 
FAX WT FLOW PER UNIT AREP(FROZEN1 = 83.08C LB/SEC-FTI 

THROAT PRESSURE RATIOIEQUIL.1 = 0.5405 
THROAT PRESSURE RATIClIFROZEh) = 0.4et31 

ENTROPY = 3.674E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECLLAR WT. 
dA ri c EQUIL. FROZEN EQUIL. FROZEN ECLIL. FROZEN 

CHAFlHER 18CO0. 18GOO. 1.788E 05 1.788E C5 1.0123 1.0123 
TtiiXflAT 14284. 13534. 1.594E 05 1.567E CT: 1 .C17L 1.0123 

1 .OcjOE-Cl 9293. 7184. 1.244E 05 1.255E 05 1 .C82i 1.0123 
l.OOOfz-c2 6947. 2811. 9.256E 04 1.044E CS 1.216F 1.0123 
l.OQUE-C3 5690. 1078. 7.017E 04 9.620E 04 1.352f 1.0123 
l.OOUE-C4 4839. 409. 5.324E 04 9.308E C4 1.4851 1.0123 
4.OUOE-C5 4566. 4.758E 04 I.5365 
l.OOOF_-c5 4 ‘03. 3.991E C4 1.t13c 
4.000t-C6 3SYO. 3.536E 04 1.6626 
1.00oE-C6 3696. 2.913E 04 1.736C 
4.OCiOE-C7 35L8. 2.540E 04 1.783? 
l.OOOE-07 3263. 2.0266 04 1.8526 

PRESSURE DENS1 TY-LB/FT3 
RATIC EQClI L. FROZEN 

CHAMBER 3.852E-03 3.852E-03 
THROAT 2.637f-03 2.501E-03 

l.OOOE-Cl 7.977E-04 9.6SlE-04 
1 .OUOE-C2 1 .ZOCE-04 2.466E-04 
l.OQOE-03 1.62tiE-05 6.429E-05 
l.OOOE-c4 2.102E-06 1.694E-05 
4.OUOE-C5 9.2lYE-07 
l.OOOE-CS 2.628E-07 
4.000E-C6 l.l42E-07 
l.OUOE-C6 3.217E-08 
4.OOOE-C7 1.389E-08 
l.OOOE-07 3.889E-09 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC \rAC 1 SP-SEC 
:tATIC EQUIL. FROZEN EQUIL. FRO2 EN ECLIL. FROZEN 

THHOAT l.OOCE 00 l.OOOE 00 967.1 1032.6 16t4.0 1654.2 
L.OOOE-Cl 1.973E 00 1.667E 00 1621.S 1605.C 1875.7 1817.3 
l.OOOE-C2 1.041E 01 5.520E 00 2041.7 1896.6 2176.0 1966.9 
l.OOOE-C3 6.835E 01 2,OlOE 01 2291.6 1998.2 2379.7 2023.8 
l.OOOE-C4 4.925E 02 7.49OE 01 2463.8 2035. t 2527.3 2645.2 
4.000E-C5 1.098E 03 2518.8 2575.4 
l.OOOE-C5 3.745E 03 2S91.3 2639.6 
4.000E-C6 8.483E 03 2633.5 2677.2 
l.OOOE-C6 2.947E 04 2690.0 2728.0 
4.000E-07 6.743E 04 2723.4 2758.1 
1 .OOOE-C7 2.369E 05 2768.6 2759.1 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

CACH NUl”BER 
ECUIL. FROZEN 

31117. 33224. 1 .coo 1 .ooc 
52170. 51641. 2.273 2.126 
65691. 61020. 3.ClC 3.980 
73730. 64290. 4.788 6.734 
79269. 65495. 5.901 11.105 
81039. 6.333 
83373. 6.981 
84729. 7 -407 
86549. 8.050 
87622. 8.475 
8YO77. 9.123 
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lA@LE 101 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
50. ATT’ AN0 A STAGNATICN TEMPERATURE OF 2CCO0. CEG P 

THROAT FLCW PARAHETER(EQUIL.) = 216.51 LB-SQRTfCEG RI/SEC-FTZ-ATM 
THROAT FLCW PARAHETERIFROZEN) = 222.14 LB-SQRTICEG RI/SEC-FTZ-ATC 

FAX wf FLOW PER UNIT AREA(EQUIL.) = 76.548 LB/SEC-FT2 
MAX WT FLOW PER UNIT AREATFROZEN) = 78.539 LB/SEC-FTi 

THROAT PRESSURE RATIO(EQUIL.1 = 0.5C74 
THROAT PRESSURE RATIOTFROZEN) = 0.4879 

ENTROPY = 3.751E 01 BTU/LB-DEG R 

PRESSUHE TEMPERATURE-DEG R ENfHALPY-BTU/LB MCLECLLAR WT. 
RATIO EOlrIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER 20~00. 20000 L 1.930E 05 1.930E 05 1.004t 1.0046 
THROAT 15910. 15029. 1.690E 05 1.683E 05 l.CllL 1.0046 

l.OOOE-01 9772. 7979. l.317E 05 1.334E 05 l.CS4? 1.0046 
l.OOOE-C2 7076. 3128. 9.791E 04 1.097E C5 1.1826 1.0046 
l.OOOE-C3 5762. 1202. 7.454E 04 1.006E 05 1.3165 l-CO46 
l.OOOE-C4 4892. 457. 5.6956 04 Y.705E 04 1.447: 1.0046 
4.000E-C5 4615. 5.108E 04 1.4981 
l.OOOE-C5 4249. 4.314E 04 1.5735 
4.000E-C6 4c34. 3.842E 04 1.6231 
l.OOOE-C6 3742. 3.197E 04 1.6961 
4.000E-C7 3565. 2.810E 04 1.7434 
l.OOOE-G7 3?16. 2.277E 04 1.813C 

PRESSURE DENSITY-LB/FT3 
RATIO EQUIL. FROZEN 

CHAMRER 3.440E-03 3.440E-03 
THROAT 2.21UE-03 2.234E-03 

l.OOOE-Cl 7.38YE-04 8.624E-04 
l.OOOE-c2 l.l45E-04 2,20OE-04 
l.OOOE-C3 1.565E-05 5.725E-05 
L.OOOE-C4 2.026E-06 1.506E-05 
4.000E-C5 8.893E-07 
l.OOOE-C5 2.53 7E-07 
4.000E-C6 l.L02E-07 
l.OOOE-C6 3.105E-08 
4.000E-07 1.340E-08 
l.OOOE-07 3.745E-09 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC \rAC ISP-SEC 
RATIC EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

THROAT L.OOOE 00 l.OOOE 00 1076.8 1092. S 1778.1 1750.1 
l.OOOE-Cl 1.869E 00 1.667E 00 1722.4 1698.C 19eO.8 1922.6 
1 .OOOE-CZ 9.692E 00 5.530E 00 2144.5 2006.6 2278.4 2081.1 
l.OOOE-C3 6.351E 01 2.017E 01 2393.5 2114.3 24F1.3 2141.5 
i.OOOE-04 4.577E 02 7.526E 01 2565.0 2154.1 2628.3 2164.3 
4.000E-C5 1.021E 03 2619.8 2676.3 
l.OOOE-C5 3.483E 03 2692.1 274C.3 
4.000E-C6 7.895E 03 2734.2 2777.8 
l.OOOE-C6 2.7466 04 2790.6 2828.6 
4.000E-Ct 6.288E 04 2824.0 2858.7 
l.OOOE-C7 2.214E 05 2869.2 28SS.8 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

MACH NUMBER 
ECLIL. FROZEN 

34644. 35164. 1 .coo l.OCC 
55418. 54632. 2.309 2.127 
68996. 64560. 3.698 3.98C 
-77009. 68027. 4.899 6.727 
82527. 69307. 6.029 11.087 
84290. 6.468 
86617. 7.125 
87970. 7.556 
89786. 8.206 
90858. 8.635 
92314. 9.288 
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TABLE 102 

PEKFCRCANCE PARAMETERS FOR I’YDROGEN AT C STAGNATICN PRESSURE OF 
50. ATt’ AND A STAGNATICN TEMPERATURE OF ?OCOO. LEG P 

THROAT FLCW PARAMETER(EQUIL.) = 191.74 LB-SQRTICEG RI/SEC-FTZ-ATM 
T-iROAT FLCW PPRAMETER(FROZEY1 = 209.85 LB-SQRT(CEG RI/SEC-FTZ-ATM 

PAX 
PAX 

PRESSURE TEMPERATURE-OEG R 
RATIC EQUIL. FROZEN 

CHAMHER 3ocoo. 30000. 
THROAT 27382. 22743. 

l.OOOE-Cl 19991. 12084. 
l.OOOE-C2 9440. 4784. 
l.OOOE-C3 6343. 1862. 
L.OOOE-C4 5231. 717. 
4.0UOE-C5 4913. 489. 
l.OOOE-C5 4507. 
4.000E-C6 4277. 
l.OOOE-06 3970. 
4.000E-C7 3790. 
l.OOOE-C7 3545. 

PRESSURE 
RAT IO 

CHAMBER 
THROAT 

l.OOOE-C 1 
l.OOOE-C2 
1 .OOOE-C3 
l.OuOE-C4 
4.000E-C5 
l.OOOE-C5 
4.000E-C6 
l.OOOE-C6 
4.000t-C 7 
l.OOUE-C7 

PRt SSURE 
RATIO 

THROAT 
l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
lr000E-C4 
4. OOOE-C 5 
l.OOOE-C 5 
4.000E-C6 
l.OUOE-Cb 
4.000E-07 
l.OOOE-07 

WT FLOW PER UNIT AREA(EQUIL.1 = 55.349 LB/SEC-FT2 
HT FLOW PER UNIT AREAiFROZEN) = 60.578 LB/SEC-FTi 

1HROAT PRESSURE RATIO(EOUIL. 1 = 0.5632 
THROAT PHESSURE RATIO(FROZEN) = 0.4884 

ENTROPY = 4.25bE 01 BTU/LB-DEG R 

DENSITY-LB/FT3 
EQUIL. FROZEN 

2.070E-03 2.070E-03 
1.311E-03 1.334E-03 
3.392E-04 5.139E-04 
7.366E-05 1.298E-04 
1.202E-05 3.335E-05 
1.612E-06 8.665E-06 
7.128E-07 5.077E-06 
2.049E-07 
8.93CE-08 
2.523E-08 
l.O89E-08 
3.040E-09 

NOZZLE AREA HAT10 
EQUIL. FRGZEN 

l.OOCE 00 l.OOOE 00 
2.103E 00 1.667E OC 
7.809E 00 5.582E 00 
4.414E 01 2.U60E 01 
3.133E 02 7.779E 01 
6.980E 02 1.323E 02 
2.381E 03 
5.402E 03 
1.884E 04 
4.325E 04 
1.532E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

3.223E 05 3.223E 05 
2.867E 05 2.8llE 05 
2.020E 05 2.225E 05 
1.313E 05 1.827E 05 
1.049E 05 1.670E C5 
8.242E 04 1.610E 05 
7.506E 04 1.598E C5 
6.519E 04 
5.936E 04 
5.141E 04 
4.665E 04 
4.009E 04 

MCLECCLAR WT. 
ECLIL. FROZEN 
0.9067 0.9067 
0.9302 0.9067 
0 -9899 0.9C67 
1 .c15i 0.9oc7 
1.113c 0.9067 
1.2315 0.9067 
1.2783 0.9067 
1.348; 
1.3935 
1.462: 
1.5065 
1.5736 

VELOCITY:FT/SEC 
EOUIL. FROZEh 

CACH NLCBER 
ECLIL. FRCLEN 

42228. 45423. L-CCC l.OOC 
77614. 70690. 2.189 2.12P 
96226. 83605. 4.C12 3.978 

104327. 88165. 5 -772 6.686 
109581. 89868. 7.116 10.954 
111248. 90201. 7 -622 13.298 
113448. 8.371 
114727. 8.859 
116449. 9 -590 
117467. 10.068 
118856. 10.79c 

IDEAL ISP-SEC 
EOUIL. FROZEh 
1312.5 1411.8 
2412.3 2197.1 
2990.8 2598. C 
3242.6 2740.3 
3405.9 2793.2 
3457.7 2803.5 
3526.1 
3565.8 
3619.3 
3651.0 
3694.2 

\rAC 1 SP-SEC 
ELCIL. FRGZEh 

23ES.l 2264.7 
2814.2 2488.3 
314C.l 2696.0 
3327.0 2776.2 
3465.8 2806.8 
3511.1 2812.8 
3571.6 
36C7.1 
3655.4 
3664.1 
3723.4 
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TABLE 103 

PERFCRMANCE PARAMETERS FOR HYOROGEN AT A STAGNATICN PRESSUPE OF 
50. ATM AND A STAGNATICN TEMPERATURE OF 4CCOO. CEG R 

THROAT FLOW PARAMETER(EQUIL.1 = 165.81 LB-SQRT(DEG RI/SEC-FTZ-ATM 
THROAT FLOW PARAMETERTFROZEN) = 182.80 LB-SORTtDEG R)/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREAtEQUIL.1 - 41.453 LB/SEC-FT2 
FAX WT FLOW PER UNIT AREATFROZEN) = 45.70 1 LB/SEC-F12 

THROAT PRESSURE RATIO(EQUIL.l = 0.5543 
THROAT PRESSURE RATlOtFROZENJ = 0.4587 

ENTROPY = 5.240E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R 
RATIO EQUIL. FROZEN 

CHAM8ER 4ocoo. 40000. 
THROAT 36701. 30650. 

l.OOOE-Cl 29374. 16209. 
l.ObOE-02 22577. 6450. 
1.000E-03 17381. 2549. 
l.OOOE-G4 10 702. 1002. 
4. OOOE-C 5 7479. 690. 
l.OOOE-C5 5271. 392. 
4.000E-C6 4815. 
l.OOOE-Cb 4362. 
4.000E-C7 4130. 
l.OOOE-07 3837. 

PRESSURE 
RAT1 0 

CHAMBER 
THROAT 

1.000E-C 1 
1. OUOE-C 2 
l.OUOE-03 
l.OOOE-C4 
4.000E-C5 
1. OOOE-C 5 
4.000E-C6 
l.OOOE-C6 
4.000E-C7 
l.OOOE-07 

DENSITY-LB/FT3 
EQUI L. FROZEN 

l.l61E-03 l.l61E-03 
7.260E-04 7.559E-04 
1.808E-04 2.866E-04 
2.644E-05 7.2036-05 
3.778E-06 1.822E-05 
6.449E-07 4.6386-06 
3.694E-07 2.693E-06 
1.349E-07 l.l84E-06 
6.115E-08 
1.77 7E-08 
7.758E-09 
2.190E-09 

PRESSURE 
RATIC 

THROAT 
l.OOOE-01 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-04 
4.000E-C5 
l.OOOE-C5 
4.000E-06 
l.OOOE-06 
4.000E-07 
l.OOOE-C7 

N07ZLE AREA RATIO 
EQrJI L. FROZEN 

l.OOCE 00 l.OOOE 00 
2.194E 00 1.680E 00 
1.165E 01 5.656E 00 
7.219E 01 2.119E 01 
3.957E 02 8.165E 01 
6.804E 02 1.401E 02 
1.836E 03 3.175E 02 
4.019E 03 
1.369E 04 
3.118E 04 
1.096E 05 
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ENTHALPY-BTU/LB 
EQUIL. FROZEN 

6.723E 05 6.723E 05 
6.071E 05 5.992E C5 
4.542E 05 4.9246 05 
3.tQSE 05 4.209E OY 
2.108E Of 3.925E C5 
1.452E 05 3.813E 05 
1.290E 05 3.791E 05 
1.125E 05 3.77OE 05 
1.038E 05 
9.239E 04 
8.567E 04 
7.652E 04 

MCLECCLAR WT. 
ECUIL. FROZEN 
0.6781 0.6783 
0.701P 0.6783 
0.775: 0.6783 
o.dllt 0.6703 
0.9587 0.6783 
1.007t C.6783 
l-008! 0.6783 
1.038 1 0.6783 
1.0746 
1.131E 
1.1696 
1.2266 

VELOC ITY-FT/SEC 
EQuIL. FROZEN 

FACH NUMBER 
ECUIL. FROZEN 

57096. 60458. 1 *coo 1.000 
104492. 94901. 2.192 2.133 
134570. 112179. 3.471 3.991 
151994. 118339. 4.710 6.680 
162430. 120680. 5 -690 10.850 
164917. 121145. 7.878 13.119 
167400. 121586. 9 -926 17.453 
168690. 1C -708 
170378. 11.725 
171362. 12.354 
172694. 13.274 

IDEAL ISP-SEC 
EQUIL. FROZEN 
1774.6 1879.1 
3247.7 2949.6 
4182.6 3486.6 
4724.1 3678.1 
5048.5 3750.9 
5125.8 3765.3 
5202.9 3779-c 
5243.1 
5295. s 
5326.1 
5367.5 

bAC ISP-SEC 
ECUIL. FROZEN 

4479:9 zx 

3033.7 

3338.6 3617.6 
49C8.4 3727.1 
5149.5 3769.8 
5195.2 3778.3 
5249.0 3786.4 
52E4.1 
533c.5 
5357.9 
5395.5 



TABLE 104 

PERFCRMANCE PARAMETERS FOR FYDROGEN AT A STAGNATICN PRESSURE OF 
50. ATl’ AND A STAGNATICN TEMPERATURE OF SCCCO. LEG R 

THROAT FLOW PARAHETERTEOUIL.) = 152.65 LB-SQRT T CEG R) /SEC-FTZ-ATM 
TtiROAT FLCW PARAHETERTFROZENJ = 162.98 LB-SQATTCEG RI/SEC-FTZ-ATP 

f’AX WT FLOW PER UNIT AREATEQUIL.) = 34.134 LB/SEC-FT i 
t’AX WT FLOW PER UNIT AREALFROZEN) = 36.444 LB/SEC-FTi 

. THROAT PRESSURE RATIOTEQUIL.) = 0.5203 
THROAT PRESSURE RATIO(FROZENI = 0.4916 

ENTROPY = 6.C49E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB HCLECLLAR WT. 
RATIO EOUIL. FRO2 EN EOUIL. FROZEN ECLIL. FROZEN 

Cti4MRER 50000. 50000. 1.031E 06 1.031E 06 0.55oc 0.55C6 
THROAT 43899. 38153. 9.227E 05 9.188E 05 0.5706 0.5506 

l.OOOE-Cl 34069. 20314. 7.106E 05 7.559E C5 0.6295 0.5506 
l.OOOE-C2 25998. 8121. 5.078E 05 6.455E 05 0.7163 0.5506 
l.OOOE-C3 20836. 3291. 3.673E 05 6.011E C5 0.8036 0.5506 
l.OoOE-C4 17074. 1346. 2.650E 05 Sa830E C5 0.887@ 0.5506 
4.000E-C5 15780. 944. 2.319E 05 5.792E C5 0.9196 0.5506 
1.000E-C5 13865. 553. 1.885E 05 5.756E 05 0.9643 0.5506 
4.000E-06 12437. 388. 1.640E 05 5.741E C5 0.989i 0.55C6 
1 .OOOE-C6 8802. 1.356E 05 1.008C 
4.000E-C7 6104. 1.223E 05 l.CO81 
l.OOOE-07 4282. 1.089E 05 1.c315 

PRESSURE DENSITY-LB/FT3 
RAIID EQtJIL. FROZEN 

CHAMBER 7.542E-04 7.542E-04 
THHOA T 4.632E-04 4.859E-04 

l.OOOE-Cl 1.266E-04 1.856E-04 
1 .OUOE-C2 1.88 ‘E-05 4.643E-05 
L.OOOE-C3 2.647E-06 l.l46E-05 
l.OOOE-C4 3.561E-07 2.802E-06 
4.000E-C5 1.597E-07 l.b98E-06 
l.OUOE-C5 4.764E-08 6.822E-07 
4.000E-06 2.180E-08 3.886E-07 
1.000t-c6 7.844E-09 
4.000E-07 4.524E-09 
l.OOOE-07 1.65OE-09 

PRESSURE NOZZLE AREA RATIO IDEAL I SP-SEC \AC I SP-SEC 
KATTO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

THRUA T l.OOCE 00 l.OOOE 00 2290.3 2331.4 39C2.9 3758.4 
l.OOOE-01 2.123E 00 1.672E 00 3937.7 3648.9 4597.6 4134.4 
l.OOOE-C2 1.117E 01 5.648E 00 5031.1 4329.1 5377.4 4483.0 
1 .OOOE-C3 7.088E 01 2.167E 01 5666.1 4560.9 58f5.8 4623.8 
l.OOOE-C4 4.894E 02 B.683E 01 6087.1 4655.7 6238.8 4680.9 
4.000E-C5 1.069E 03 1.517t 02 6217.2 4675.1 6349.7 4692.7 
l.OOOE-CS 3.489E 03 3.537E 02 6383.6 4694.C 6491.8 4704.2 
4.000E-C6 7.514E 03 6.199E 02 6476.0 4701.9 65t9.1 4709.1 
l.OOOE-06 2.055E 04 6581.2 6644.9 
4.000E-07 3.537E 04 6629.9 6673.8 
l.OOOE-07 9.628E 04 6678.6 67C8.4 

VELOCITY-FT/SEC 
EQUIL. FROZE& 

CACH NLP.BER 
ECUIL. FROZEN 

73688. 75010. l.COO l.OCC 
126693. 117400. 2.164 2.124 
161870. 138962. 3.494 3.991 
182300. 146741. 4.735 6.649 
195847. 149791. 5.963 lG.637 
200032. 150416. 6.461 12.759 
205388. 151024. 7.243 16.751 
208358. 151279. 7.782 20.027 
211744. 9.176 
213311. 11.463 
214877. 14.254 
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TABLE 105 

PERFCRHANCE “ARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
SD. ATM AND A STAGNATICN TEMPERATURE OF 75CC0. CEG R 

THROAT FLCW PARAMETERiEOUIL.) = 155.77 LB-SORT1 CEG R) /SEC-FTZ-ATM 
THROAT FLOW PARAMETER(FROZEN1 = 157.76 LB-SPRTICEG RI/SEC-FTZ-ATM 

PAX wT FLOW PER UNIT AREA(EQUIL.1 = 28.439 LB/SEC-FTS 
YAX WT FLOW PER UNIT AREA(FROZEN) = 28.802 LB/SEC-FT2 

THROAT PRESSURE RATIOIEQUIL.) = 0.4885 
THROAT PRESSURE RATIOiFROZEN) = 0.4885 

ENTROPY = 6.663E 01 BTU/LB-DEG A 

MCLEClLAR WT. PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB 
RATIO EQUIL. FROZEN EQUIL. FROZEh 

CHAMBE A 75000. 75000. 1.399E 06 1.399E 06 
THROAT 57918. 56485. 1.215E 06 1.216E C6 

l.OOOE-Cl 38987. 30024. 9.343E 05 9.559E 05 
l.OOOE-02 28290. 11955. 6.746E 05 7.791E c5 
l.OOOE-C3 22451. 4764, 5.006E 05 7.087E 05 
l.OOOE-C4 18537. 1901. 3.748E 05 6.806E C5 
4. OOOE-CS 17288. 1319. 3.34OE 05 6.749E 05 
1 .OOOE-C5 15617. 759. 2.799E 05 6.694E 05 
4.000E-06 14619. 526. 2.485E 05 6.671E 05 
l.OOOE-06 13197. 303. 2.065E 05 6.649E CS 
4.000E-C7 12256. 1.82lE 05 
l.OOOE-07 10523. 1.513E 05 

PRESSURE DENS1 TY 
RATIO EQUIL. 

CHAMBER 4.639E-04 
THROAT 2.963E-04 

l.OOOE-01 9.618E-05 
l.OOOE-C2 1.510E-05 
l.OOOE-C3 2.147E-06 
l.OOOE-04 2.895E-07 
4. OOOE-C 5 1.291E-07 
l.OOOE-05 3.77 7E-08 
4.OOOE-06 1.67CE-08 
l.OOOE-06 4.85 lE-09 
4.000E-07 2.15OE-09 
l.OOOE-C7 6.487E-10 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC bAC I SP-SEC 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

THROAT l.OOCE 00 l.OOOE 00 2983.3 2975.5 48C0.6 4769.7 
l.OOOE-Cl 1.939E 00 1.669E 00 4739.7 4628.4 5461.1 5241.5 
l.OOOE-02 9.894E 00 5.619E 00 591801 5474.5 6286.2 5681.0 
l.OooE-03 6.248E 01 2.122E 01 6590.9 5777.1 6823.3 5855.1 
l.OOOE-04 4.339E 02 8.299E 01 7037.2 5893.4 7198.6 5923.9 
4,00OE-05 9.540E 02 1.434E 02 7176.0 5916.8 73 18.0 5937.9 
l.OOOE-C5 3.182E 03 3.287E 02 7355.9 5939.2 7474.3 5951.3 
4.000E-06 7.097E 03 5.693E 02 7458.5 5948.5 7564.1 5956.9 
l.OOOE-06 2.400E 04 1.308E 03 7593.3 5957.4 76E2.6 5962.2 
4.000E-07 5,36CE 04 7670.8 775C.6 
1 .OOOE-07 1.754E 05 7767.4 7832.7 

-LB/FT3 
FROZEN 

4.639E-04 
3.009E-04 
l.l59E-04 
2.910E-05 
7.302E-06 
1.830E-06 
l.O55E-06 
4.586E-07 
2.643E-07 
1.149E-07 

EcClIL. FROZEN 
0.507s 0.5079 
0.5125 O.SC79 
0.5475 o.sc79 
O.C23’ 0.5079 
c.703fl 0.5079 
0.783 A 0.5079 
0.8147 0.5079 
0.861 I 0.5079 
0.8911 0.5079 
0.934 t 0.5c79 
0.9617 
0.996C 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

CACH NUMBER 
ECUIL. FROZEN 

95983. 95733. l.CCC 1.000 
152496. 148915. 2.110 2.128 
190410. 176138. 3.604 3.989 
212056. 185873. 4.931 6.671 
226414. 189616. 6.200 10.7711 
230881. 190367. 6.702 12.991 
236670. 191089. 7.465 17.194 
239969. 191387. 7.976 20.673 
244308. 191673. 8.770 27,296 
246800. 9.318 
249908. 10.180 
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TABLE 106 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
50. ATP AND A STAGNATICN TEMPERATURE OF ICCCCO. CEG P 

THROAT FLCW PARAMETERIEQUIL.) = 157.37 LB-SPRTICEC RI/SEC-FT2-ATM 
THROAT FLCW PARAMETERIFROZENl = 157.55 LB-SQRTICEG RI/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREAIEQUIL.) = 24.883 LB/SEC-FTi 
PAX WT FLOW PER UNIT AREALFROZENI = 24.911 LB/SEC-FT2 

THROAT PRESSURE RATIO(EQUIL.1 = 0.4C81 
THROAT PRESSURE RATIOIFROZEN) = 0.4879 

ENTROPY = 6.957E 01 BTU/LB-DEG R 

PRE SSUHE 
RATIO 

CHAMBER 
THROAT 

l.OOOE-01 
l.OOOE-c2 
l.OOOE-C3 
1.000E-C4 
4.000E-05 
l.OOOti-c5 
4.00OE-C6 
l.OOOf-C6 
4.000f-07 
l.OUOE-C7 

PRESSURE 
RAT IO 

CHAMBER 
THliOA T 

l.OOOE-Cl 
l.OUOE-C2 
1 .OOOE-C3 
l.OOOE-C4 
4.000E-C5 
l.OOOE-c5 
4.OUOE-C6 
l.OOOE-C6 
4.000E-C7 
l.OOOE-C7 

PRESSURE 
RATIC 

THROAT 
l.OOOE-Cl 
l.O00E-C2 
l.OOOE-03 
l.O00E-C4 
4.000E-C5 
l.OOOE-C5 
4.0uOE-Cb 
l.O00E-C6 
4.000E-C7 
l.OOOE-C7 

TEMPERATURE-DEG R 
EQLIL. FROZEN 

100000. 100000. 
75346. 75129. 
43830. 39916. 
29 569. 15894. 
23170. 6329. 
19C87. 2521. 
17 812. 174H. 
16133. 1004. 
15152. 696. 
13804. 400. 
12974. 
11737. 

DENS1 TY- 
EQUIL. 

3.460E-04 
2.245E-04 
8.128E-05 
1.358E-05 
1.95BE-06 
2.653E-07 
l.l84E-07 
3.460E-08 
1.527E-08 
4.407E-09 
1.935E-09 
5.583E-LO 

,LB/FT3 
FROZEN 

3.460E-04 
2.2476-04 
8.669E-05 
2. L77E-05 
5.467E-06 
1.373E-06 
7.919E-07 
3.445E-07 
1.9876-07 
B.647E-08 

NOZZLE AREA RATIO 
EQUIL. FRCZ EN 

1.00C.E 00 l.OOOE 00 
1.76PE 00 1.668E oc 
H.66lE 00 5.617E 00 
5.450E 01 2.120E 01 
3.790E 02 8.2766 01 
8.342E 02 1.429E 02 
2.79CE 03 3.272E 02 
6.24lE 03 5.663E 02 
2.12-/E 04 1.300E 03 
4.799E 04 
1.642E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

1.654E 06 1.654E C6 
1.408E 06 1.408E 06 
1.055f 06 1.061E 06 
7.595E 05 8.24RE C5 
5.676E 05 7.307E C5 
4.301E 05 6.933E 05 
3.856E 05 6.856E c5 
3.266E OS 6.783E C5 
2.923E 05 6.753E C5 
2.463E 05 6.724E 05 
2.193E 05 
1.829E 05 

MCLEClLAR WT. 
ECUIL. FROZEN 
0.5052 0.5052 
0.505s 0,.5052 
0.52Cl 0.5C52 
0.5862 0.5052 
0.6624 0.5052 
0.7393 0.5052 
0.7696 0.5052 
0.815C 0.5052 
0.8446 0.5052 
0.@883 0.5052 
0.9163 
0.95611 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

f”bCh NUMBER 
ECLIL. FROZEN 

110854. 110862. I .coo l.OOC 
173113. 172250. 2.103 2.129 
211580. 203713. 3.717 3.990 
233185. 214962. 5.149 6.673 
247504. 219281. 6.474 lC.786 
251965. 220148. 6.993 13.cc5 
257757. 220978. 7.776 17.222 
261068. 221321. 8.296 2C.714 
265444. 221651. 9 .c93 27.367 
267979. 9.631 
271354. 10.478 

IDEAL ISP-SEC 
EQuIL. FROZEN 
3445.4 3445.7 
5380.5 5353.7 
6576.1 6331.6 
7247.6 6681.2 
7692.7 6815.5 
7831.3 6842.4 
8011.3 6868.2 
8114.3 6878.5 
8250.3 68’39.1 
8329.1 
8434.0 

LAC ISP-SEC 
ECLIL. FROZEN 

5520.8 5517.8 
6132.4 6062.2 
6944.4 6570.2 
7479.3 6771.3 
7853.8 685C.6 
7953.2 6866.7 
813C.0 6882.1 
8220.4 6B88.5 
834C.7 6894.7 
841C.7 
85C3.8 
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TABLE 107 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSUFE OF 
50. ATM AND A STAGNATICN TEMPERATURE OF 15CCCO. CEG P 

THROAT FLCW PARAMETER(EOUIL.1 = 157.54 LB-SQRTICEG RI/SEC-FT2-ATM 
THROAT FLOW PARAMETERLFROZEN) = 157e54 LB-SClRT( CEG R) /SEC-FT2-ATM 

MAX wT FLOW PER UNIT AREA(EQUIL.l = 20.338 LB/SEC-FTi 
MAX WT FLOW PER UNIT AREA(FRClZEN) = 20.338 LB/SEC-FT i 

THROAT PRESSURE RATIO(EQUIL.1 = 0.4874 
THROAT PRESSURE RATIOIFROZEN) = 0.4874 

ENTROPY = 7.359E 01 BTU/LB-DEG R 

PRESSLRE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-Cl 
1 rOOOE-C2 
l.OOOE-03 
l.OOOE-C4 
4.000E-C5 
l.OOOE-C5 
4.000E-C6 
l.OOOE-06 
4.000E-07 
1 .OOOE-C7 

PRESSURE 
RATIO 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
1 .OOOE-C3 
l.OOOE-C4 
4.000E-C5 
l.OOOE-CS 
4.0OOE-C6 
l.OOOE-C6 
4.000E-07 
l.OOOE-07 

PRESSURE 
RATIO 

THROAT 
l.OOOE-C 1 
l.OOOE-C2 
l.oOoE-C3 
loOOOE-C4 
4.000E-C5 
l.OOOE-C5 
4.000E-06 
l.OOOE-C6 
4.000E-07 
l.OOOE-07 

TEMPERATURE-DEG R 
EQUIL. FROZEN 

150000. 150000. 
112553. 112551. 

60085. 59776. 
32020e 23840. 
24204. 9512. 
19782. 3796. 
18446. 2634. 
16719. 1515. 
15726. 1051. 
14395. 605. 
13602. 420. 
12497. 

DENSITY 
EQUIL. 

2.303E-04 
1.496E-04 
5.762E-05 
l.l60E-05 
1.732E-06 
2.37lE-07 
l.O60E-07 
3.lO?E-08 
L.36qE-08 
3.947E-09 
1.724E-09 
4.918E-10 

-LB/FT3 
FROZEN 

2.303E-04 
l,496E-04 
5.779E-05 
1.449E-05 
3.632E-06 
9.l.OOE-07 
5.246E-07 
2.2HOE-07 
1.314E-07 
5.712E-08 
3.293E-08 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOCE 00 l.OOOE 00 
1.672E 00 1.668E 00 
6.96qE 00 5.624E 00 
4.304E 01 2.126E 01 
2.992E 02 8.31BE 01 
6.594E 02 1.437E 02 
2.2llE 03 3.294E 02 
4.956E 03 5.705E 02 
1.697E 04 1.3llE 03 
3.848E 04 2.272E 03 
1.335E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEh 

2.149E 06 2.149E CC 
1.78OE 06 1.7BOE Ct 
1.259E 06 1.259E 06 
8.828E 05 9e046E 05 
6.627E 05 7.631f CF 
5.08lE 05 7.067E 05 
4.584E 05 6.952E C5 
3.926E 05 6.842E C5 
3.543E 05 6.796E C5 
3.029E 05 6.752E 05 
2.727E 05 6.733E C5 
2.317E 05 

CCLECCLAR WT. 
ECLIL. FROZEN 
0.5044 0.5044 
0.5044 0.5044 
0.5055 0.5c44 
Oe542d 0.5044 
0.6122 c. 5044 
0.6845 0.5044 
0.7135 0.5044 
0.757r 0.5044 
0.7855 0.5044 
0.8285 0.5044 
0,856 i 0.5044 
0.8972 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

MACH NLMBE R 
ECUIL. FROZEN 

135938. 135939. l.CCC l.CCC 
211057. 211026. 2.129 2.131 
251750. 249568. 3.847 3.991 
272757. 263374. 5.587 6.668 
286586. 268685. 7.C56 10.769 
290898. 269752 o 7.616 12.979 
296506 o 270776. 8.454 17.178 
299719. 271199. 9 .Co6 20.655 
303979. 27 1606. 9.843 27.274 
306461. 271774. 10.400 32.763 
309791. 11.257 

IDEAL ISP-SEC 
EQUIL. FROZEN 
4225.1 4225-l 
65S9.9 6558.9 
7824.6 7756.8 
8477.5 8185.9 
8907.4 8351.C 
9041.4 8384.2 
9215.7 8416.C 
9315.6 B429. 1 
9448.0 8441.E 
9525.1 8447.C 
9628.6 

bAC ISP-SEC 
ECLIL.. FROZEN 

67tC.7 6760.7 
7429.9 7426.4 
81E6.9 8049.4 
87C1.5 8296.5 
9063.1 8394.3 
9178.6 8414.1 
933C.7 8433.1 
9418.7 8441.0 
9536.3 8448.6 
96C5.2 0451.7 
965@. 1 
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TABLE 108 

PERFCRHANCE PARAMETERS FOR HYDROGEN AT 1 STAGNATICN PRESSUFE OF 
50. ATC AND A STAGNATICN TEMPERATURE OF ZCCCCO. CEG R 

THROAT FLcIh pflRAHETEK(EOUIL.) = 157.53 LB-SQRT(CEG RI/SEC-FTZ-ATH 
THROAT FLCW P bRAMETER{ FROZEN) = 157.53 LB-SQRTICEG RI/SEC-FTZ-ATM 

t’AX WT FLOW PER UNIT AREP(E0UIL.l = 17.612 LB/SEC-FT2 
PAX WT FLOW PER UNIT AKEPiFROtEN) = 17.612 LB/SEC-FTi 

THROAT PKESSURE RATIO(EQUIL.) = 0.4873 
THROAT PRESSURE RATIO(FROtEN) = 0.4873 

ENTROPY = 7.t43E 01 BTU/LB-DEL; R 

PKESSURE 
RATIO 

CHAMCIER 
THHUAT 

L.OOOE-Cl 
1 .oOOE-C2 
l.OOOE-C3 
1.00oE-C4 
4.000E-05 
l.OOOE-C5 
4.OOOF-C6 
l.OiJOE-06 
4.000E-07 
l.OOOE-07 

PKESSURE 
RATIO 

CHAMER 
THKOA’T 

l.OOOE-Cl 
1.000t-C2 
l.OOOE-C3 
1.0UOf-G4 
4,0ooli-C5 
l.OOOE-C5 
4.000E-C6 
l.OOOt-06 
4.000E-0 7 
l.OOOE-07 

PRli SSliRE 
RATIO 

THROAT 
l.OOOE-01 
l.OOOE-02 
l.OOOE-C3 
1 .OOOE-C4 
4.000E-05 
l.OuOE-05 
4.000E-C6 
l.OOOE-C6 
4.OOOE--07 
l.OUOE-07 

TEMPERATURE-DEG R 
EQUIL. FROZEN 

200000. 200000. 
150029. 150038. 

79681. 79657, 
35285. 31740. 
25053. 12651. 
20266. 5043. 
ll3870. 3498. 
17088. 2011. 
16074. 1395. 
14730. 802. 
13939. 556. 
12055. 320. 

DENSITY-LB/FT3 
EQUIL. FROZEN 

1.72 7E-04 1.727E-04 
l.l22E-04 l.l22E-04 
4.335E-05 4.336E-05 
1.006E-05 l.O88E-05 
1.587E-06 2.730E-06 
2.198E-07 6.848E-07 
9.847E-08 3. Y49E-07 
2.887E-08 1.718E-07 
1.275E-08 9.906E-08 
3.671E-09 4.308E-08 
1.605E-09 2.485E-08 
4.566E-10 l.OBlE-08 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOOE 00 l.OOOE 00 
1.667E 00 1.667~ 00 
6.064E 00 5.617E 00 
3.589E 01 2.122E 01 
2.485E 02 8.291E 01 
5.477E 02 1.432E 02 
1.83FIE 03 3.280E 02 
4.123E 03 5.679E 02 
1.415E 04 1.304E 03 
3.213E 04 2.259E 03 
1.119E 05 5.192E 03 

ENTHALPY-BTU/LB 
EQUIL. FROZEh 

2.642E 06 2.6426 06 
2.150E 06 2.150E OC 
1.456E 06 1.456E Ot 
9.777E 05 9.833~ cs 
7.325E 05 7.949E Cs 
5.650E 05 7.199E 0s 
5.113E 05 7.046E 05 
4.406E 05 6.899E CS 
3.995E 05 6.839E Cs 
3.443E 05 6.78OE 05 
3.118E 05 6.756E 05 
2.677E 05 6.732E CS 

MCLEC~LAR WT. 
ECUIL. FROZEN 
0.5042 0.5042 
0.5042 0.5042 
0.5043 0.5042 
0.518? 0.5042 
0.5aot 0.. 5042 
0.65C3 0.5042 
C.6782 0.5042 
C.720’ 0.5042 
0.747: 0.5042 
0.789’ 0.5042 
0.816: 0.5042 
0.856s 0.5042 

VELOCITY-FT/SEC 
EQUIL. FROZEK 

PACti NUMBER 
ECUIL. FROZE& 

157010. 157007. 1 .ccc L.COC 
243687. 243688. 2.130 2.13C 
288647. 288166. 3.9co 3.991 
309178. 304084. 5.947 6.672 
322458. 310201. 7.606 10.780 
326593. 311430. 8.213 12.996 
331973. 312607. 9.113 17.206 
335059. 313093. 9.701 20.692 
339155. 313561. 10.588 27.333 
341545. 313754. 11.176 32.841 
344762. 313940. 12.071 43.34c 

IDEAL ISP-SEC 
EOUIL. FROZEh 
4880.0 4879.5 
7574.0 7574.1 
8971.4 t1956.5 
9609.6 9451.2 

10022.3 9641.4 
10150.8 9679.5 
10318.1 9716.1 
10414.0 9731.3 
10541.3 9745.8 
10615.6 9751.e 
10715.5 9757.t 

VAC I SP-SEC 
ECLIL. FROZEN 

78C7.5 7807.5 
8575.6 8575.5 
9335.7 9293.9 
9825.1 9578.7 

101?1.6 9691.2 
10282.4 9714.0 
10428.4 9735.8 
10513.0 9744.9 
10626.3 9753.6 
106S2.8 9757.2 
10782.8 9760.7 
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TABLE 109 

PERFCKMANCE PARAMETERS FOR HvOROGEN AT A STAGNATICN PRESSUPE OF 
100. ATM AND A STAGNATICN TEMPERATURE OF 5CO0. CEG P 

THROAT FLCW PARAMETER(EQU1L.l = 286.95 LB-SPRlLDEE RI/SEC-FTZ-ATM 
THROAT FLOW PARAMETER(FROZEN1 = 288.98 LB-SQRT(CEG RI/SEC-FTZ-ATM 

MAX WT FLOW PER UNIT AREA(EQUIL.1 = 405.806 LB/SEC-FTE 
PAX WT FLOW PER UNIT AREATFROZEN) = 408.684 LB/SEC-FT 2 

T!iROAT PRESSURE RATIO(EQUIL.~ = 0.548C 
THROAT PRESSURE RATIO(FROZEN1 = 0.5446 

ENTROPY = l.F25E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R 
RATIO EQUI L. FROZEN 

CHAMBER scoo. 5000. 
THROAT 4404. 4345. 

l.OOOE-Cl 2938. 2873. 
l.OooE-02 1587. 1535. 
1 .OOOE-C3 828. 753. 
l.OOOE-C4 428. 342. 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

1.936E 04 1.936E 04 
1.657E 04 1.656E 04 
1.047E 04 1.057E 04 
5.464E 03 5.678E 03 
2.813E 03 3.158E 03 
1.436E 03 1.965E 03 

MCLECCLAR WT. 
ECUIL. FROZEN 
2.0084 2.0084 
2.0133 2.0084 
2.C16C 2.0084 
2.C16C 2.0084 
2.Cl6C 2.0084 
2 .OlbC 2.0084 

PRESSURE 
RATIO 

CHAMBER 
THKOA T 

l.OOOE-Cl 
l.OooE-C2 
l.OOOE-C3 
l.OOOE-04 

DENS1 TY- 
EQUIL. 

5.503E-02 
3.432E-02 
9.399E-03 
1.740E-03 
3.334E-04 
6.45’JE-05 

LB/FT3 VELOCITY-FT/SEC CACH NUMBER 
FROZEN EQUIL. FROZEN ECUIL. FROZEN 

5.503E-02 
3.448E-02 11824. 11851. l.COO 1.000 
9.577E-03 21103. 20977. 2.143 2.147 
1.792E-03 26379. 26175. 3.581 3.576 
3.653E-04 28785. 28483. 5.387 5.410 
8.044E-05 29958. 29513. 7.773 8.139 

PRESSURE NOTZLE AREA RAT10 IDEAL ISP-SEC LAC ISP-SEC 
RATIO EOUIL. FROZEN EQUIL. FROZEN ECLIL. FRCZEN 

THROAT 1.00OE 00 l.OOOE 00 367.5 368.4 653.3 650.3 
l.OOOE-Cl 2.046E 00 2.034E 00 655.9 652-C 762.6 757.3 
l.OOOE-C2 8.84CE 00 8,713E 00 819.9 813.5 0t6.c 858.7 
l.OOOE-C3 4.228E 01 3.928E 01 894.7 885.3 916.7 905.6 
l.DOOE-C4 2.097E 02 1.721E 02 931.1 917.3 942.1 926.2 

116 



TA0LE 110 

PERFCRPAKE “ARAHETERS FOR hYOROGEN AT A STAGNAJICN PRESSUQE OF 
100. ATC AND P STAGNATICY TEMPERATURE OF 6CCO. CEG R 

THROAT FLCw PLRAMETEHIEQUIL. 1 = 280.61 LB-SQRTICEG RI/SEC-FTZ-ATY 
THROAT FLCil PARAHETERfFROZEN) = 286.11 LB-SURTiCEG R)/SEC-FTZ-ATk’ 

f’AX WT FLOW PER UYIT AREA(EQUIL.1 = 362.261 LB/SEC-FTi 
FAX WT FLOW PER UNIT AREAIFRCJZEN) = 369.372 LB/SEC-FTi 

THROAT PRESSURE PATIO(E0UIL.t * 0.5584 
THROAT PRESSURE RATIOLFROZENt = 0.5461 

ENTRGPY = 2.C33E 01 BTU/LB-DEG R 

PRLSSUHE TEMPERATURE-DEG R 
RATIO EQUIL. FROZEN 

CHAMBER 6000. 6000. 
THROAT 5439. 5232. 

l.OUOE-01 3837. 3492. 
L.OOOE-C2 2147. 1903. 
1.000E-C3 1132. 955. 
l.OCtOE-C4 588. 442. 
5.000E-05 481. 

PRESSURE 
RATIO 

CHAMBER 
THROAT 

l.O00E-Gl 
i.OOOE-C2 
l.OOOE-C3 
I .OOOE-04 
5.000E-C5 

PRESSURE 
RATIO 

THROAT 
l.OOOE-C 1 
1 .OOoE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 

DENSITY-LB/FT3 
EQUIL. FROZEN 

4.513f-02 4.5136-02 
2.804E-02 2.827E-02 
7.192E-03 7.755E-03 
1.286E-03 1.423E-03 
2.439E-04 2.836E-04 
4.700E-05 6.132E-05 
2.86YE-05 

NOZZLE AREA RATIO 
EQUI L. FROZEN 

l.OOOE 00 L.OOOE 00 
2.12SE 00 2.051E 00 
9.416E 00 8.934E 00 
4.529E 01 4.108E 01 
2.253E 02 1.831E 02 
3.662E 02 

ENTHALPY-BTU/LB RCLECLLAR WT. 
EQUIL. FROZEh ECLIL. FRCZEN 

2.535E 04 2.535E 04 1.9765 1.9769 
2.202E 04 2.194E 04 I .S93C I.9769 
1.413E 04 1.458E 04 2.Cl4E 1.9769 
7.478E 03 B.48lE C3 2.C16C 1.9769 
3.869E 03 5,276E C3 2 .C16C lb9769 
1.983E 03 3.726E 03 2.C16C i-9769 
1.619E 03 L.CA6C 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

12922. 13066. 1 .coo l.OOC 
23699. 23223. 2.134 2.149 
29913. 29061. 3.515 3.562 
32794. 31702. 5.256 5.341 
34203. 32903. 7.586 7.Y61 
34469. 8.437 

CACH NUMBER 
ECLIL. FROZEN 

IDEAL ISP-SEC LAC ISP-SEC 
EQUIL. FROZEN ECUIL. FROZEN 

401.6 406.1 727.8 719.c 
736.6 721.E 8C0.7 839.3 
929.7 903.2 9e4.7 954.4 

1019.3 985.3 1045.7 1008.9 
1063.1 1022.7 lC76.2 1033.1 
1071.3 1oe2.0 
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TABLE 111 

PERFCRPANCE PARAMETERS FOR FYOROGEN AT A STAGidATICN PRESSUaE OF 
100. ATM AND A STAGNATIGN TEMPERATURE OF 7CO0. CEG R 

THROAT FLCW PARAMETERtEOUIL.) = 272.14 LB-SQRTICEG RI/SEC-FTZ-ATM 
THROA 1 FLOW PARAMETER (FROZEN J = 280.35 LB-SQRTiCEG RI/SEC-FTL-ATM 

CAX WT FLOW PER UNIT AREA(EQU1L.l = 325.268 LB/SEC-FTi 
f’AX WT FLOW PER UNIT AREAIFROZEN) = 335.082 LB/SEC-FT i 

THROAT PRESSURE RATIO(EQUIL.) = 0.5t5E 
THROAT PRESSURE RATIOiFROZEN) = 0.5453 

ENTROPY = 2.171E 01 BTU/LB-DEG R 

PRESSURE 
RATIO 

CHAMBER 
THROAT 

1.flOnE~Cl 
1.000E-C2 
l.OOOE-C3 
l.OOOE-C4 
S.OOOE-C5 
l.OOOE-C5 

PRESSURE 
RATIO 

CHAMBER 
THROAT 

l.OCJOE-Cl 
I. OOOE-C2 
l.OOOE-C3 
1.000E-C4 
5. OOOE-C 5 
l.OOOE-C5 

PRESSURE 
RATIO 

THROAT 
l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l. OOOE-04 
5.000E-C5 
l.OOoE-C5 

TEMPERATURE-DEG R 
EQUIL. FROZEN 

7COO. 7000. 
64800 6091. 
5016. k052. 
3088. 2207. 
1678. 1110. 

877. 515. 
720. 403. 
453. 

DENSITY-LB/FT3 
EQUI L. FROZEN 

3.705E-02 3.705E-02 
2.300E-02 2.322E-02 
5.438E-03 6.400E-03 
8.942E-04 l.l75E-03 
1.646E-04 2.335E-04 
3.150E-05 5.034E-05 
l,919E-05 3.214E-05 
6.095E-06 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOCE 00 l.OOOE 00 
2.25?E 00 2.045E 00 
1.065E 01 8.909E 00 
5.225E 01 4.109E 01 
2.605E 02 1.937E 02 
4.240E 02 2.859E 02 
1.316E 03 

ENTHALPY-BTU/LB WCLEClLAR WT. 
EQUIL. FROZEN ECUIL. FROZEN 

3.436E 04 3.436E C4 1.8931 1.8931 
3.037E 04 3.02OE C4 1 .s225 1.8931 
2.027E 04 2.127E 04 1.9915 1.8931 
I. 106E 04 1.389E C4 2.015E 1.8931 
5.786E 03 l.tlOOE C4 2.016C 1.8931 
2.981E 03 8.119E C3 2.016C 1.8931 
2.437E 03 7.786E 03 2.016C 1.8931 
1.523E 03 2.016C 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

14144. 14433. 1 .coo l.OCO 
26560. 25597. 2.149 2.150 
34153. 32013. 3.393 3.568 
37822. 34920. 4.998 5.345 
39635. 36245. 7.210 7.952 
39977. 36474. 8.C21 8.990 
40545. 10.224 

k’4Cl-l NUMBER 
ECIiIL. FROZEN 

IDEAL lSP-SEC \AC lSP-SEC 
EQUIL. FROZEti ECUIL. FROZEN 

439.6 448. C 8C7.7 792.9 
825.5 795.6 972.0 924.8 

1061.5 995.c 1130.8 lC51.3 
1175.6 1085.3 12CS.5 1111.3 
1231.9 1126.5 1248.8 1138.1 
1242.5 1133.7 1256.3 1142.7 
1260.2 12t8.8 
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TABLE 112 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
100. ATM AND A STAGNATICN TEMPERATURE OF 8COO. CEG P 

THROAT FLCW PARAMET.ER(EGUIL.1 = 260.77 LB-SORT{ CEG R1 /SEC-FT2-ATM 
THROAT FLCW PARAMETERTFROZENI = 270.56 LB-SORT{ CEG R)/SEC-FTZ-ATM 

RAX WT FLOW PER UNIT AREATEQUIL. 1 = 291.551 LB/SEC-FTE 
PAX kT FLOW PER UNIT AREA(FROZEN1 = 302.496 LB/SEC-FT2 

THROAT PRESSURE RATIO(EQUIL.1 = 0.5673 
THROAT PRESSURE RATIO(FROZEN1 = 0.5411 

ENTROPY = 2.355E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MOLECLLAR WT. 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER 8000. 8000. 4.819E 04 4.819E 04 1.742C 1.7420 
THROAT 7460. 6893. 4.325E 04 4.299E 04 1.7792 1.7420 

l.OOOE-C 1 6075. 4493. 3.055E 04 3.216E 04 1.8855 1.7420 
l.OOOE-C2 4502. 2380. 1.809E 04 2.337E 04 1.99CS 1.7420 
l.OOOE-03 2765. 1169. 9.BOlE 03 1.887E 04 2.Cl5S 1.7420 
l.OOOE-C4 1485. 532. 5.105E 03 1.673E C4 2.016C 1.7420 
5.000E-C5 1222. 415. 4.183E 03 1.636E 04 2.016C 1.7420 
l.OOOE-C5 774. 2.626E 03 2.016C 
5.000E-C6 635. 2.146E 03 2.Cl6C 
l.OOOE-C6 399. 1.339E 03 2.016C 

PRESSURE DENSITY-LB/FT3 
RATIO EQUI L. FROZEN 

CHAMBER 2.983E-02 2.983E-02 
THROAT 1.853E-02 1.873E-02 

l.OOOE-Cl 4.251E-03 5.3llE-03 
l.OOOE-C2 6.05PE-04 1.002E-03 
l.OOOE-03 9.986E-05 2.041E-04 
l.OOOE-04 1.859E-05 4.482E-05 
5.000E-C5 l.l30E-05 2.875E-05 

. l.OOOE-C5 3.567E-06 
5.000E-06 2.174E-06 
L.OOOE-C6 6.919E-07 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC bAC I SP-SEC 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

THROAT l.OOOE 00 1.000E 00 489.0 501.9 9co.7 880.4 
l.OOOE-0 1 2.309E 00 2.0lOE 00 923.6 880. t lCSl.1 1021.2 
l.OOOE-02 1.240E 01 8.561E 00 1206.6 1095.5 1296.6 1155.4 
l.OOOE-C3 6.659E 01 3.868E 01 1362.6 1190.8 1410.9 1217.9 
1 .OOOE-04 3.376E 02 1.70lE 02 1443.5 1233.5 14t8.0 1245.4 
5.000E-05 5.498E 02 2.636E 02 1458.9 1240.8 1478.8 1250.0 
l.OOOE-C5 1.7llE 03 1484.5 1496.9 
5.000E-C6 2.793E 03 1492.3 15C2.4 
l.OOOE-C6 8.700E 03 1505.3 1511.6 

VELOCITY-FT/SEC MACH NUMBER 
EQUIL. FROZEN ECUIL . FROZEN 

15732. 16147. 1.000 
297 16. 28331. 2.167 
38822. 35248. 3.333 
43840. 38314. 4.582 
46444. 39686. 6.512 
46938. 39920. 7.243 
47761. 9.242 
48012. 10 -248 
4843 1. 13.001 

1.000 
2.149 
3.600 
5.445 
8.173 
9.261 



TABLE 113 

PERFGRMANCE PARAHEJERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
1CO. ATM AND A STAGNATICN TEMPERATURE OF scoo. CEG F 

THROAT FLOW PARAWETER(EQUIL.1 = 246.57 LB-SQRT t CEG RI /SEC-FT2-ATM 
THROAT FLCW PARAMETERTFROZENI = 257.79 LB-SQRTIDEG RI/SEC-FT2-ATM 

PAX WJ FLOW PER UNIT AREATEOUIL.1 * 259.907 LB/SEC-FTi 
MAX WT FLOY PER UNIT AREAIFROZENI = 271.74c LB/SEC-FT2 

‘THROAT PRESSURE RATIOTEQUIL.) = 0.5653 
THROAT PRESSURE PATIOLFROZEKJ = 0.5332 

ENTROPY = 2.583E 01 BTU/LB-DEG A 

PRESSURE TEMPERATURE-DEG R ENJHALPY-BTU/LB MCLECCLAR WT. 
RATIO EQ’JIL. FROZEN EPUIL. FROZEN ECUIL. FROZEN 

CHAMBER 9000. 9coo. 6.763E 04 6.763E C4 1.545c 1.5450 
THROAT 8383. 7607. 6.134E 04 6.093E 04 1.585: 1.5450 

l.OOOE-Cl 6897. 4774. 4.543E 04 4.781E 04 1.7c5c 1.5450 
l.OOOE-02 5465. 2395. 2.961E 04 3.754E 04 1 .a535 1.545c 
l.OOOE-C3 4267. 1121. 1.798E 04 3.254E C4 1.9731 1.5450 
l.OOOE-C4 2773. 493. 9.8396 03 3.027E 04 2.0157 1.5450 
5. OOOE-G 5 2317. 8.104E 03 2.016C 
1. OOOE-C 5 1491. 5.125E 03 2.C16C 
S.OOOE-C6 1227. 4.2OOE 03 2.016C 
l.OOOE-C6 777. 2.636E 03 2.C16C 
5.000E-C7 638. 2.154E 03 2.Cl60 
l.OOOE-07 401. 1.345E 03 2.C16C 

PRESSURE DENSITY-LB/FT3 
RAJIO EQUIL. FROZEN 

CHAMBER 2.352E-02 2.352E-02 
THROAT 1.465E-02 1.483E-02 

l.OOOE-Cl 3.388E-03 4.433E-03 
1 .OOOE-02 4.647E-04 B. B3BE-04 
l.OOOE-03 6.335E-05 l.B88E-04 
l.OOOE-C4 9.959E-06 4.297E-05 
s.oOOE-C5 5.96CE-06 
l.OOOE-C5 1.852E-06 
5.000E-C6 1.125E-06 
l.OOOE-C6 3.553E-07 
5.000E-07 2.166E-07 
l.OOOE-07 6.891E-08 

PRESSURE NOZZLE AREA RATIO IDEAL I SP-SEC LAC ISP-SEC 
RATI 0 EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

THROAT l.OOOE 00 l.OOOE 00 551.5 569.3 1011.8 984.5 
l.OOOE-01 2.301E 00 1.946E 00 1036.3 979.1 1223.6 1130.6 
l.OOOE-C2 1.282E 01 7.922E 00 1356.1 1206.3 1460.4 1268.0 
l.OOOE-C3 8.229E 01 3.435E 01 1549.6 1302.7 1616.6 1329.4 
l.OOOE-04 4.852E 02 1.462E 02 1671-B 1344.2 1711.3 1355.6 
5. OOOE-C 5 7.988E 02 1696.7 1729.2 
l.OOOE-05 2.509E 03 1738.6 1759.0 
EI.OOOE-C6 4.09qE 03 1751.4 17ta.1 
l.OOOE-C6 1.287E 04 1772.9 i7e3.3 
5.000E-07 2.096E 04 1779.5 17BB.O 
1 .OOOE-07 6.547E 04 1790.4 1795.8 

VELOC I JY-FT/SEC 
EQUIL. FROZEh 

IrACH NUHBE R 
ECUIL. FROZEN 

17745. 18318. 1 .ooo l.OOC 
33342. 31501. 2.174 2.147 
43630. 38811. 3.359 3.662 
4905 7. 41912. 4.442 5.648 
53788. 43248. 5.626 0.634 
54589. 6.191 
55938. 7.828 
56351. 8.679 
57041. 11.016 
57252. 12.196 
57605. 15.432 
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TABLE 114 

PERFCRHANCE PARAMETERS FOR HYOROGEN AT A STAGNATICN PRESSURE OF 
100. ATP AND A STAGNATICN TEMPERATURE OF lOCOO. CEG F 

THROAT FLOW PLRAMEJER(EQU1L.J = 232.54 LB-SQRTlDEG RI/SEC-FTZ-ATM 
THROAT FLOW PARAMETERIFROZEN) = 245.23 LB-SQRT( CEG RI/SEC-FT2-ATM 

PAX WJ FLOW PER UNIT AREA(EQUIL.1 = 232.542 LB/SEC-FTi 
PAX WJ FLOW PER UNIT AREAtFROZENl = 245.233 LB/SEC-FT2 

THROAT PRESSURE RATIO(EQUIL.) = 0.5617 
THROAT PRESSURE AATIOtFROZEN) = 0.5223 

ENTROPY = 2.827E 01 BTU/LB-OEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECLLAR WT. 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBE H 10000. 10000. 9.075E 04 9.075E 04 1.3544 1.3544 
THROAT 9250. 8228. 8.273E 04 8.209E 04 1.3952 1.3544 

l.OOOE-Cl 7555. 4925. 6.304E 04 6.645E 04 1.5171 1.3544 
l.OOOE-C2 6038. 2309. 4.365E 04 5.473E 04 1.6742 1.3544 
l.OOOE-03 4952. 102-3. 2.931E 04 4.937E 04 1.8203 1.3544 
l.OOOE-C4 4039. 433. 1.8396 04 4.704E 04 1.9463 1.3544 
5.000E-C5 3752. 1.565E 04 1.9767 
1. OOOE-C 5 2875. 1.030E 04 2.014- 
5.000E-C6 2420. B.493E 03 2.C15' 
l.OOOE-C6 1562. 5.376E 03 2.016C 
5.000E-07 1286. 4.4066 03 2.016C 
l.OOOE-C7 815. 2.767E 03 2.C16C 

PRESSURE OENSI JY- 
RATIO ECIUIL. 

CHAMBER 1.855E-02 
THROAT 1.161E-02 

1.000E-c1 2.75LE-03 
1 .OOOE-C2 3.799E-04 
l.OOOE-03 5.035E-05 
l.OOOE-04 6.601E-06 
5.000E-C5 3.60 8E-06 
l.OOOE-05 9.59 9E-07 
5.000E-06 5.706E-07 
l.OOOE-C6 1.768E-07 
S.OOOE-07 l.O74E-07 
l.OuOE-07 3.388E-08 

PRESSURE 
RATIO 

THROAT 
l.OOOE-01 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
Ii.OOOE-C6 
L.OOOE-Cb 
5.000E-07 
l.OOOE-07 

.LB/FT3 
FROZEN 

1.855E-02 
l.l78E-02 
3.767E-03 
8.036E-04 
l.B13E-04 
4.284E-05 

NOZZLE AREA RATIO IDEAL ISP-SEC VAC ISP-SEC 
EQUIL. FROZEN EOUIL. FROZEN ECUIL. FROZEN 

l.OOOE 00 l.OOOE 00 622.7 647.1 1133.8 1097.8 
2.269E 00 1.866E 00 1157.6 1084. c 1364.1 1245.1 
1.261E 01 7.187E 00 1509.2 1319.8 1623.9 1381.8 
8.327E 01 2.972E 01 1723.7 1414.6 1799.5 1440.3 
5.854E 02 1.224E 02 1870.6 1453. B 1923.9 1464.4 
1.05lE 03 1905.7 1953.5 
3.818E 03 1972.4 2OC7.1 
6.352E 03 1994.4 2023.3 
2.012E 04 2031.9 2050.2 
3.2946 04 2043.4 2058.4 
1.034E 05 2062.7 2072.1 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

20034. 2082 1. 
37244. 34878. 
48555. 42463. 
55460. 45514. 
60185. 46776. 
61312. 
63460. 
64169. 
65374. 
65744. 
66365. 

PACH NUMBER 
ECUIL. FROZEN 

1.000 l.OCC 
2.180 2.143 
3.384 3.744 
4.481 5.919 
5.548 9.232 
5.866 
6.599 
7.139 
8.943 
9.893 

12.518 
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TABLE 115 

PERFCRHANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
100. ATM AN0 A SJAGNATICN TEMPERATURE OF 12CO0. CEG P 

THROAT FLCW PARAMETER(EQU1L.I = 205.26 LB-SPRJ(CEG RI/SEC-FT2-ATM 
THROAT FLCW PARAWETERIFROZENJ = 219.55 LB-SQRTTCEG RI/SEC-FTZ-ATM 

MAX WT FLOW PER UNIT AREA(EQU1L.I = 187.377’ LB/SEC-FTi 
MAX WJ FLOW PER UNIT AREAIFROZENI = 200.418 LB/SEC-FTi 

THROAT PRESSURE RATIOTEQUIL.) = 0.5256 
THROAT PRESSURE RATIOTFROZEN) = 0.4753 

ENTROPY = 3.207E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLEClLAR WT. 
RATIO EQUIL. FHOZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER 12coo. 12000. 1.312E 05 1.312E 05 1.1151 1.1151 
THROAT 10762. 9178. 1.19SE 05 1.184E C5 1.1581 1.1151 

l.OOOE-Cl 8506. 5186. 9.355E 04 9.894E C4 1.2675 1.1151 
1 .OOOE-C2 6681. 2187. 6.788E 04 8.466E 04 1.4201 1.1151 
l.OOOE-C3 5509. 901. 4.928E 04 7.870E 04 1.5677 1.1151 
l.OOOE-04 4661. 365. 3.511E 04 7.626E 04 1.7084 1.1151 
5. OOOE-C 5 4445. 3.149E 04 1.7491 
1. OOOE-C 5 3986. 2.39BE 04 1 .a400 
5.000E-06 3799. 2.109E 04 1.8771 
l.OOOE-C6 3362. l.SllE 04 1.955E 
5.000E-07 3147. 1.284E 04 l.984C 
l.OOOE-07 2380. 6.363E 03 2.c15c 

PRESSURE DENSITY-LB/FT3 
RATIO EQUIL. FROZEN 

CHAMBER 1.273E-02 1.273E-02 
THROAT 7.748E-03 7.9lOE-03 

l. OOOE-0 1 2.04lE-03 2.945E-03 
l.OOOE-C2 2.912E-04 6.985E-04 
1.000E-C3 3.898E-05 1.696E-04 
l. OOOE-04 5.02lE-06 4.185E-05 
5.000E-C5 2.696E-06 
l.OOOE-C5 6.324E-07 
5.000E-C6 3.384E-07 
l.OOOE-C6 7.970E-08 
‘j.OOOE-07 4.319E-08 
l.OOOE-C7 l.l60E-08 

PRESSURE 
RATIO 

THROAT 
l.OOOE-01 
l.OOOE-02 
1.000E-03 
l.OOOE-C4 
‘j.OOOE-C5 
l.OOOE-C5 
5. OOOE-C 6 
l.OOOE-C6 
5.000E-07 
l.OOOE-07 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOOE 00 l.OOOE 00 

7:506E f.H;E 01 Cl; 
1.693E 00 
2.305E 5.944E 01 00 

5.3BOE 02 9.132E 01 
9.83BE 02 
4.044E 03 
7.458E 03 
3.084E 04 
5.63eE 04 
2.06CE 05 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

I’ACH NUMBER 
ECLIL. FROZEN 

24184. 25339. 1 .coo 1.000 
43420. 40191. 2.166 2.098 
56306. 48273. 3.421 3.848 
64041. 51270. 4.554 6.322 
69359. 52446. 5.638 10.115 
70655. 5.960 
73267. 6.706 
74246. 7.029 
76235. 7.786 
76979. 8.106 
78421. 8.045 

IDEAL ISP-SEC VAC ISP-SEC 
EQUI L. FROZEN ECUIL. FROZEN 

751.7 787.6 1345.2 1289.3 
1349.5 1249.2 15e8.3 1427.9 
1750.0 1500.4 1879.1 1563.1 
1990.5 1593.5 2075.2 1617.9 
2155.7 1630.1 2216.5 1639.7 
2196.0 2251.6 
2277.2 2322.9 
2307.6 2349.7 
2369.5 24C4.3 
2392.6 2424.4 
2437.4 24tC.7 
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TABLE 116 

I’ERFCRMANCE PARAMETERS FOR FYDROGEN AT A STAGNATICN PRESSURE OF 
1.00. ATM AND A STAG’JATICN TEMPEHATURE OF 14CC0. CEG R 

THKLIAT FLCw PARAHETER(EQUIL.1 = 214.85 LB-SQRT(CEG RI/SEC-FTZ-AT?’ 
TiiKUAT FLCW PARAMkTtR(FROZEY1 = 216.17 LB-SQRTIDEG RI /SEC-FT2-ATM 

PAX 
PAX 

PRt SSURE TEMPERATURE-DEG H 
RATIC EQUIL. FROZEN 

CHAMBER 14000. 14000. 
TIiKCAl 11993. 10471. 

l.O0OE-Cl 9008. 5760. 
1.000E-C2 6942. 2345. 
l.OOOE-C3 5t96. 946. 
l.OOOE-C4 4824. 379. 
5.000E-05 4607. 
1. ooot-C5 4157. 
~,.00OE-C6 3982. 
l.OUOt-C6 3601. 
5.000E-07 3442. 
1.oLJot-C7 3049. 

PRtSSUPE 
RATIC 

CHAMHEW 
THROAT 

1.ooot-Cl 
l.OOOE-C2 
1.ooot-c3 
1 .OUOE-C4 
5.000E-05 
l.OOOE-C5 
5.OOOE-C6 
l.OOOE-C6 
5.OOOE-07 
l.OOOE-07 

PRESSURE 
RATIC 

THPDAT 
1 .OOOE-C 1 
l.OOOE-CZ 
1.000t-C3 
l.OOOE-C4 
5.OOOE-C5 
1. OOOE-C 5 
S.OOOE-C6 
l.OOOE-C6 
5.0UOE-C7 
1.000t-C7 

WT FLOW PER UNIT AKEA(EOUIL.1 = 181.584 LB/SEC-FTE 
wT FLOW PER UNIT AREA(FROZEN1 = 182.701 LB/SEC-FT i 

THROAT PRESSURE RATIO1EOUIL.1 = 0.5486 
THROAT PRESSURE PATIOTFROZEN) = 0.4tS2 

ENTROPY = 3.374E 01 BTU/LB-DEG H 

DENSITY-LB/FT3 
EQUIL. FRO2 EN 

l.O24E-02 l.O24E-02 
6.722E-03 6.422E-03 
1.78YE-03 2.488E-03 
2.613E-04 6.112E-04 
3.532E-05 1.5 15E-04 
4.566E-06 3.762E-05 
2.45lE-06 
5.73hE-07 
3.060E-07 
7.094E-08 
3.78lE-08 
8.864E-09 

NOZZLE AREA RATIO 
EOUIL. FROZEN 

l.OOOE 00 l.cIOOE 00 
2.149E 00 1.655E 00 
1.146E 01 5.648E 00 
7.491E 01 2.152E 01 
5.367E 02 8.443E 01 
9.821E 02 
4.052E 03 
7.497E 03 
3.15lE 04 
5.85./E 04 
2.449E 05 

ENJHALPY-BTU/LB 
EQUIL. FROZEh 

1.527E 05 1.527E C5 
1.382E 05 1.366E 05 
1.0112E 05 1.134E C5 
7.926E 04 9.678E C4 
5.865E 04 S.003E C4 
4.304E 04 8.732E 04 
3.905E 04 
3.079E 04 
2.761E 04 
2.095E 04 
1.836E 04 
1.30lE 04 

MCLEClLAR WT. 
ECUIL. FRCZEN 
1.046; 1.04t2 
1 .C727 1.0462 
1.1767 1.0462 
1.3242 1.0462 
1.468i 1.0462 
1.6C75 1.0462 
1.6406 
1.7407 
1.7792 
1.8645 
1.899c. 
1.9726 

VELOC ITY-FT/SEC 
EOUIL. FROZEN 

FACH NUM8ER 
ECLIL. FROZEN 

27013. 28448. 1 .cco l.OOC 
47232. 44367. 2.192 2.098 
60645. 52925. 3.480 3.9oe 
68628. 56023. 4.639 6.495 
74101. 57222. 5.743 lC.462 
75436. 6.C69 
78130. 6.822 
79144. 7.146 
81221. 7.902 
82011. 8.231 
83634. 9 .coo 

IDEAL ISP-SEC 
EQUIL. FROZEN 

839.6 8i34.2 
1468.0 1379.c 
1884.9 1645.C 
2133.0 1741.3 
2303.1 1778.5 
2344.6 
2428.4 
2459.9 
2524.4 
2549.0 
2599.4 

VAC lSP-SEC 
ECLIL. FRDZEN 

1478.9 1427.7 
1718.4 157C.6 
2018.4 1710.4 
2220.3 1766.2 
2365.7 17ae.3 
24Cl.9 
2475.6 
25C3.6 
2561.1 
25E3.1 
262e.C 



TABLE 117 

PERFCRMANCE PARAMETERS FOR HYDROGEN Al A STAGNATICN PRESSURE CF 
lC0. ATM AND A STAGNATICN TEMPERATURE OF 16CCO. CEG P 

THROAT FLCW PARAMETER(EQUIL.1 = 217.33 LB-SQRTtCEG RI/SEC-FTZ-ATM 
THROAT FLOW PARAMETERIFROZEY) = 223.67 LB-SORT I CEG RI /‘EC-FTZ-ATM 

PAX WT FLOW PER UNIT AREA(EQUIL,) = 171.814 LB/SEC-FTi 
MAX WT FLOW PER UNIT AREALFROZEN) = 176.82e LB/SEC-FT i 

THROAT PRESSURE RATIO(EQUIL.) = 0.5444 
THROAT PRESSURE AATIOLFROZEN) = 0.4899 

ENTROPY = 3.467E 01 BTU/LB-DEG A 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECLLAR WT. 
RATIC EQUIL. FROZEN EQUIL. FROZEN ECLIL. FROZEN 

CHAMBER lbC00. 16000. 1.666E 05 1.666E 05 1 .C24C 1.0246 
THROAT 13 170. 12091. 1.496E 05 1.473E C5 1.04oc 1.0246 

l.oOOE-Cl 9358. 6447. 1.167E 05 1.196E C5 1.1315 1.0246 
l.OOOE-C2 7C92. 2533. 8.577E 04 1.008E c5 1.2751 1.0246 
l.OOOE-03 5794. 972. 6.398E 04 9.353E 04 1.4175 1.0246 
l.OOOE-C4 4904. 368. 4.755E 04 9.076E 04 1.555; 1.0246 
5.000E-C5 4685. 4.336E 04 1.5956 
l.OOOE-C5 4234. 3.468E 04 1.6874 
5.0OOE-06 4060. 3.134E 04 1.7255 
l.OOOE-06 3690. 2.433E 04 1.812E 
5.000E-07 3540. 2.162E 04 1 .e4at 
l.OOOE-07 3197. 1.591E 04 1.9276 

PRESSURE DENSITY-LB/FT3 
RATIO EQUIL. FROZEN 

CHAMBER 8.772E-03 8.772E-03 
THROAT 5.894E-03 5.687E-03 

l.OOOE-Cl 1.656E-03 2.177E-03 
l.OOOE-C2 2.463E-04 5.54LE-04 
l.OOOE-C3 3.35lE-05 1.444E-04 
l.ooOE-C4 4.344E-06 3.813E-05 
5.000E-CS 2.333E-06 
l.OOOE-C5 5.459E-07 
5.000E-C6 2.912E-07 
l.OOOE-06 6.730E-08 
5.000E-C7 3.57 7E-08 
l.OOOE-07 8.260E-09 

PRESSURE NOZZLE AREA RATIO IDEAL TSf’-SEC VAC I SP-SEC 
RATIO EOUIL. FROZEN EOUIL. FROZEN ECUIL. FROZEN 

THROAT l.OOOE 00 l.OOOE 00 906.1 966.4 1576.6 1552.6 
l.OOOE-01 2.076E 00 1.675E 00 1553.4 1507.6 18C9.0 1708.0 
l.OOOE-02 1.097E 01 5.563E 00 1976.8 1783.2 2111.9 1849.8 
l.OOOE-03 7.154E 01 2.025E 01 2227.5 1879.4 2315.6 1903.7 
l.OOOE-C4 5.124E 02 7.528E 01 2399.1 1914.9 2462.2 1923.9 
5.000E-C5 9.377E 02 2441.0 2458.8 
l.OOOE-C5 3.873E 03 2525.5 2573.2 
5.000E-C6 7.172E 03 2557.4 2601.5 
l.OOOE-C6 3.025E 04 2622.7 26CC.C 
S.OOOE-07 5.638E 04 2647.7 26E2.4 
l.OOOE-07 2.395E 05 2699.3 2728.8 

VELOCITY-FT/SEC 
EPU! L. FROZEN 

29153. 31092. 
49979. 48504. 
63602. 57373. 
71667. 60469. 
77190. 61609. 
78537. 
81257. 
82281. 
84384. 
85187. 
86848. 

MACH NUMBER 
ECUIL. FROZEN 

l.COO l.OCC 
2.220 2.125 
3.537 3.969 
4.715 6.709 
5.833 11.072 
6.164 
6.924 
7.251 
8.009 
8.338 
9.112 
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TABLE 118 

PERFCRMANCE ‘ARIMETERS FOR kYDROGEN AT A STAGNATICN PRESSURE OF 
100. ATF AND A STAGNATICN TEMPERATURE OF 18CO0. CEG R 

THROAT’ FLCU PARAMETERLEOUIL.1 = 219.54 LB-SQRTtCEG RI/SEC-FTZ-ATM 
TtiRUAT FLCW PARAMETERLFROZEN) = 223.17 LB-SQRT1 CEG R1 /SEC-FTZ-ATM 

PAX 
PAX 

PRkSSURE TEMPERATURE-OEG R 
RATIC EQU IL. FROZEN 

CHAPRER 18000. 18000. 
THHGAT 14418. 13559. 

l.OOOE-C 1 9671. 7213. 
1 .OuOE-C2 7207. 2830. 
1.000t-C3 5865. 1087. 
i. OOOt-G4 4959. 412. 
5,.000t-C5 4737. 
l.OOOF-c5 4284. 
5.000E-C6 4110. 
l. OOOE-C6 3744. 
5.000E-07 3598. 
l.OOOE-C7 3272. 

PRE SSUHE 
RATIO 

CHAMHER 
THQflA r 

1. ooot-C 1 
1.000t-C2 
A.OOOE-C3 
l.ooOE-c4 
5.000E-05 
l.OOOE-C5 
b.OOOE-C6 
l.OOOE-C6 
5.000E-c7 
1.000t-C7 

DENSITY-LB/FT3 
EQuIL. FROZEN 

7.736E-03 7.736E-03 
5.253E-03 5.020E-03 
1.560E-03 l.Y31E-03 
2.360E-04 4.920E-04 
3.228E-05 1.282E-04 
4.19’;E-06 3.37 IE-05 
2.254E-06 
5.276E-07 
2.813E-07 
6.496E-08 
3.449E-08 
7.923E-09 

1. ooot-07 

PRt-SSURE 
RATIO 

THROAT 
l.OOOE-Cl 
1 .OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 

2.30JE 05 

NOZZLE AREA RATIO 
EQUI L. FROZEN 

1.000f 00 l.OOOE 00 
2.001E 00 1.671E 00 
1.048E 01 5.544E 00 
6.82tlE 01 2.020E 01 
4.890E 02 7.524E 01 
8.951E 02 
3.69’JE 03 
6.85?E 03 
2.8966 04 
5.404E 04 

kT FLOW PER UNIT AREA(EQUIL.l = 163.636 LB/SEC-F12 
WT FLOW PER UNIT AREALFROZEN) = 166.342 LB/SEC-FTZ 

THROAT PRESSURE RATICl(EQUIL.l = 0.5391 
THROAT PRESSURE R4TIO(FROZEN1 = 0.4&B@ 

ENTROPY = 3.534E 01 BTU/LB-OEG R 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

1.780E 05 1.780E CC 
1.586E 05 1.560E 05 
1.231E 05 1.248E C5 
9.057E 04 1.037E C5 
6.789E 04 9.548E C4 
5.087E 04 9.235E 04 
4.653E 04 
3.754E 04 
3.408E 04 
2.683E 04 
2.401E 04 
1.808E 04 

YCLECCLAR kT. 
ECLIL. FRCZEN 
1 .C165 1.0165 
l.C255 1.0165 
1.101; 1.0 165 
1.2413 1.0165 
1.3821 l.OlC5 
1.5185 l.OlC5 
1.5586 
1.6495 
1.6884 
1.7754 
1.8117 
L .892C 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

?‘ACH NLHBER 
ECUIL. FROZEN 

31154. 33137. 1 .cco 1.000 
52426. 51578. 2.251 2.126 
66145. 60977. 3.595 3.975 
74232. 64259. 4.790 6.719 
79767. 65468. 5.922 11.081 
81117. 6.256 
03843. 7.C24 
84871. 7.353 
86982. 8.116 
87790. 8.446 
89465. 9.221 

IDEAL ISP-SEC 
EOUIL. FROZEN 

968.3 1029.5 
1629.5 1603.1 
2055.8 1895.2 
2307.2 1997.2 
2479.2 2034.e 
2521.2 
2605.9 
2637.9 
2703.5 
2728.6 
2780.7 

\AC I SP-SEC 
ECUIL. FROZEN 

1665.4 1651.7 
1eee.2 1815.6 
2151.4 1965.8 
2355.5 2022.9 
2542.5 2044.4 
2579.1 
2653.8 
26E2.2 
2740.9 
2763.5 
281C.5 
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TABLE 119 

PERFCRHANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSUPE OF 
100. ATf’ AND A STAGNATICN TEMPERATLRE OF 2CCO0. CEG P 

THROAT FLCW PPRAMETER(EQU1L.J = 217.75 LB-SQRTfCEG RI/SEC-FTZ-ATM 
THROAT FLOW PARAMETERfFROZENl = 222.47 LB-SQRTLCEG RI/SEC-FTZ-ATM 

FAX WT FLOW PER UNIT AREA(EQUIL.l = 153.971 LB/SEC-FT2 
PAX ‘WT FLOW PER UNlT AREA(FROZEN1 = 157.311 LB/SEC-FTf 

THROAT PRESSURE RATIO(EQUIL.l = 0.5C6C 
THROAT PRESSURE RATIO(FROZEN1 = 0.4883 

ENTROPY = 3.606E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLEClLAR WT. 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER 20000. 20000. 1.914E 05 1.914E 05 1.008f 1.0088 
THROAT 15820. 15047. L.675E 05 1.6686 C5 l.Cl6C 1.0088 

l.OOOE-Cl 10098. 7998. 1.301E 05 1.319E 05 l.C72C 1.0088 
l.OOOE-C2 7337. 3140. 9.577E 04 1.083E C5 1.2065 1.0088 
l.OOOE-C3 5939. 1207. 7.21LE 04 9.914E 04 1.3457 1.0088 
l.OOOE-C4 5015. 459. 5.444E 04 9.563E C4 1.4807 1.0088 
5.000t-05 4790. 4.994E 04 1.52C5 
l.OOOE-C5 4334. 4.063E 04 1.6111 
!i.OOOE-C6 4160. 3.704E 04 1.6494 
l.OOOE-C6 3795. 2.953E 04 1.7363 
5,00OE-07 3651. 2.661E 04 1.7727 
1.OOOE-07 3337. 2.045E 04 1.8546 

PRESSURE DENSITY-LB/FT3 
RATIO EQUIL. FROZEN 

CHAMBER 6.910E-03 6.910E-03 
THROAT 4.453E-03 4.484E-03 

l.OOOE-Cl 1.454E-03 1.728E-03 
l.OOoE-02 2.2546-04 4.401E-04 
l.OOOE-c3 3.104E-05 l.l45E-04 
1.000E-C4 4.045E-06 3.011E-05 
5. OOOE-C 5 2.174E-06 
1. OOOE-C 5 5.093E-07 
5.000E-C6 2.716E-07 
l.OOOE-C6 6.268E-08 
5.000E-C7 3.326E-08 
l.OOOE-07 7.614E-09 

PRESSURE NOZZLE AREA RATIO 1 DEAL I SP-SEC VAC ISP- SEC 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

THROAT l.OOOE 00 l.OOOE 00 1074.6 1090.3 177c.o 1747.1 
l.OOOE-01 1.912E 00 1.669E 00 1721.0 1695.4 19e3.a 1919.9 
l.OOOE-C2 9.87hE 00 5.544E 00 2150.2 2004.1 22e5.9 2078.7 
l.OOOE-C3 6.42OE 01 2.023E 01 2401.5 2112-G 24EF.8 2139.2 
l.OOOE-04 4.599E 02 7.545E 01 2573.4 2151.8 2636.6 2162.0 
5.000E-C5 8.416E 02 2615.3 2673.2 
l.OOOE-C5 3.480E 03 2700.0 2747.9 
5.000E-06 6.450E 03 2732.0 2776.3 
l.OOOE-Cb 2.729E 04 2797.7 2835.2 
5.000E-C7 5.098E 04 2822.8 2857.8 
l.OOOE-07 2.186E 05 2875.1 29C5. L 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

MACH NUMBER 
ECUIL. FROZEN 

34574. 35079. 1.000 1.000 
55372. 54547. 2 -282 2.127 
69180. 64479. 3 -669 3.977 
77267. 67951. 4.885 6.719 
82797. 69232. 6.034 11.072 
84146. 6.372 
86871. 7.150 
87899. 7 -482 
90012. 8.253 
90821. 8.586 
92503. 9.363 
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TABLE 120 

PERFCRHANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSUPE OF 
100. AT?’ AND A STAGNATICN TEMPERATURE OF 3CCOO. CEG R 

THROAT FLCW PARAMETERIEQUZL.) = 196.09 LB-SQRTICEG RI/SEC-FTZ-AT!’ 
THROAT FLOW PARAMETERIFROZENI = 212.93 LB-SQRTICEC R)/SEC-FT2-ATM 

PAX WT FLOW PER UNIT AREAfEQUIL.) = 113.21C LB/SEC-FT2 
MAX WT FLOW PER UNIT AREA(FROZEN) = 122.938 LB/SEC-FT z 

THROAT PRESSURE RATIO(EQUIL.) = 0.5tOl 
THROAT PRESSURE RATIO(FROZENl = 0.4886 

ENTROPY = 4.025E 01 BTU/LB-DEG R 

PRESSURE TEHPERATURE-DEG R ENTH4LPY-BTU/L8 HCLEClLAR WT. 
RATIO EOUIL. FROZEN EOUIL. FROZEN ECUIL. FROZEN 

CHhMBER- 30000. 30000. 2.985E 05 2.985E 05 0.934E 0.9348 
THROAT 27029. 22767. 2.63BE 05 2.5856 05 0.956 t 0.9348 

l.OOOE-Cl 19252. 12103. 1.846E 05 Z.OlbE 05 1.003C 0.9348 
1. OOOE-C 2 8.713. 4792. 1.288E 05 1.629E 05 1.0412 0.9348 
l.OOOE-03 6430. 1863. 9.800E 04 1.477E 05 1.1604 0.9348 
l.OOOE-04 5325. 715. 7.612E 04 1.419E 05 1.2855 0.9348 
S.OOOE-05 5074. 535. 7.063E 04 1.409E 05 1.322t 0.9348 
l.OOOE-C5 4579. 273. 5.934E 04 1.396E 05 1.4075 0.9348 
S.OOOE-06 4396. 5.500E 04 1.4441 
l.OOOE-06 4020. 4.595E 04 1.527C 
S.OOOE-07 3877. 4.243E 04 1.5622 
1.000E-C7 3576. 3.500E 04 1.642E 

PRESSURE DENS1 TY-LB/FT3 
RATIO EQUIL. FROZEN 

CHAMBER 4.269E-03 4.269E-03 
THaOAT 2.716E-03 2.74BE-03 

l.OOOE-01 7.528E-04 l.O58E-03 
l.OOOE-C2 1.637E-04 2.672E-04 
1 .OOOE-03 2.472E-05 6.874E-05 
l.OOOf-04 3.307E-06 1.790E-05 
S.OOOE-05 1.785E-06 l.l96E-05 
1. OOOE-C 5 4.212E-07 4.690E-06 
5.000E-C6 2.25nE-07 
l.OOOE-06 5.203E-08 
S.OOOE-07 2,7bOE-08 
l.OOOE-07 6.2946-09 

PRESSURE NOZZLE AREA RATIO IOEAL ISP-SEC LAC I SP-SEC 
RAlIO EQUIL. FROZEN EQUIL. FROZEN ECLIIL. FRCiZEN 

THR04T l.OOOE 00 l.OOOE 00 1295.7 1390.4 2342.6 2231.4 
l.OOOE-01 1.991E 00 1.668E 00 2347.5 2164.8 2719.6 2452.0 
l.OOOE-C2 7.502E 00 5.584E 00 2864.8 2560.7 3oc5.0 2656.8 
l.OOOE-03 4.571E 01 2.058E 01 3113.9 2700.3 3159.4 2735.8 
l.OOOE-04 3.2456 02 7.7546 01 3279.4 2752.4 334C.l 2765.8 
S.OOOE-C5 5.937E 02 1.158E 02 3319.7 2760.4 3375.2 2770.4 
1.000E-C5 2.457E 03 2.939E 02 3401.0 2772.1 3446.9 2777.2 
S.OOOE-06 4.557E 03 3431.6 3474.2 
l.OOOE-06 1.935E 04 3494.8 3531.0 
S.OOOE-07 3.622E 04 3519.1 3553.0 
l.OOOE-07 1.56bE 05 3569.8 35s9.1 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

41687. 
75527. 
92171. 

100188. 
105513. 
106807. 
109422. 
110409. 
112443. 
113224. 
114855. 

44735. 
69652. 
82387. 
86881. 
88556. 
88815. 
89189. 

ClACH NUMBER 
ECUIL. FROZEN 

1 .cco 1.000 
2.151 2.128 
4.089 3.976 
5.618 6.684 
6.932 10.960 
7.312 12.697 
8.178 17.842 
8.547 
9.394 
9.757 

10.597 



TA@LE 121 

PERFCRYANCE PARAMETERS FOR FYDROGEN AT A STAGNATICN PRESSLRE CF 
1co. ATC’ AND A STAGNATICN TEMPERATURE OF 4CCOO. CEG P 

THROAT FLCW PARAMETER(EaUIL.1 = 173.01 LB-SORT{ CEG RI /SEC-FTZ-ATM 
THROAT FLCW PARAMETERTFROZEN) = 190.79 LB-SORTICEE RI/SEC-FTZ-ATM 

PAX kT FLOW PER UNIT AREA(EQUIL.l = 86.504 LB/SEC-FTE 
PAX kT FLOW PER UNIT AREPf FROZEN) = 95.397 LB/SEC-FTi 

THROAT PRESSURE RATIO(EOUIL.1 = 0.557C 
THROAT PRESSURE RATIO(FROZEN1 = O.SC3C 

ENTROPY = 4.@15E 01 BTU/LB-DEG A 

PRE SSLRE TEMPERATURE-DEG R 
RATZC EQUIL. FROZEN 

CHAMBER 4ocoo. 40000. 
THROAT 36671. 30876. 

l.OOOE-C 1 28999. 16316. 
l.OOOE-C2 21548. 6495. 
1. OOOE-C 3 14348. 2561. 
l.OOOE-C4 6543. 1002. 
5.000E-C5 5873. 754. 
l.OOOE-C5 5052. 390. 
S.OOOE-C6 4806. 
l.OOOE-C6 4344. 
5.000E-C7 4177. 
1 .OOOE-07 3842. 

PRESSUPE 
RATIG 

CHAMBER 
THROAT 

l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5. OOOE-C 5 
l.OOOE-C5 
S.OOOE-C6 
l.OOOE-C6 
5.000E-07 
l.OOOE-C7 

PRE SSLRE 
RATIC 

1HROAT 
l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
S.OOOE-C5 
1. OOOE-C 5 
S.OOOE-C6 
l.OOOE-C6 
S.OOOE-C7 
l.OOOE-C7 

DENSITY-LB/FT3 
EQI:IL. FROZEN 

2.529E-03 2.529E-03 
1.587E-03 1.648E-03 
3.96PE-04 6.2006-04 
5.949E-05 1.558E-04 
9.578E-06 3.950E-05 
2.143E-06 l.OlOE-05 
1.225E-06 6.705E-06 
3.042E-01 2.592E-06 
1.644E-07 
3.866E-08 
2.06 lE-08 
4.73 t E-09 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOOE 00 l.OOOE 00 
2.177E 00 1.686E OC 
1.131E 01 5.677E CC 
6.26’E 01 2.122E 01 
2.664E 02 8.140E 01 
4.62CE 02 1.222E 02 
1.829E 03 3.148E 02 
3.364E 03 
1.413E 04 
2.63BE 04 
1.137E 05 

ENTHALPY-BTU/L B 
EQUZL. FROZEN 

5.801E 05 5.801E C5 
5.207E 05 5.132E C5 
3.798E 05 4.137E C5 
2.502E 05 3.476E C5 
1.647E 05 3.214E 05 
1.214E 05 3.111E C5 
1.132E 05 3.095E C5 
9.723E 04 3.071E C5 
9.127E 04 
7.899E 04 
7.426E 04 
6.435E 04 

MCLECLLAR kT. 
ECLIL. FRCZEN 
0.7385 0.7385 
0.7627 0.7385 
0.839E 0.7385 
0.935E C-7385 
l.CC3i C-7385 
1.C23i 0.7385 
1.0503 0.7385 
1.121f C-7385 
1.1532 
1.225E 
1.256f 
1.3282 

VELOCITY-FT/SEC 
EOUIL. FROZEh 

FACH NUPBER 
ECLIL. FROZEN 

54511. 57879. 1 -ccc l.OCC 
100 123. 91264. 2.201 2.134 
128513. 107879. 3.5co 3.99c 
144205. 113798. 4.712 6.678 
151525. 116041. 7 -887 10.865 
152874. 116392. 8.578 12.553 
155470. 116905. 9.820 17.52C 
156427. 10.302 
158380. 11.373 
159125. 11.820 
160677. 12.842 

IDEAL ISP-SEC 
EQUIL. FROZEh 
1694.3 1798.9 
3111.9 2836. C 
3994.3 3353-c 
4482.0 3537-c 
4709.5 3606.7 
4751.5 3617.6 
4832.2 3633.5 
4861.9 
4922.6 
4945.8 
4994.0 

LAC ISP-SEC 
ECLIL. FRGZEN 

3056.7 2914.8 
3644.5 3210.5 
4271.1 3478.9 
4635.2 3584-C 
4774.7 3624.7 
48CE.C 3631.1 
4876.9 364C.5 
49c3.1 
4957.2 
4978-C 
5ci1.a 
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TABLE 122 

PERFCRYANCE PARAMETERS FCR FYDRGGEN AT 4 STAGNATICN PRESSURE OF 
100. ATP AND A STAGNATICN TEMPERATURE OF SCCCO. CEG 

THROAl FLCk PARAMETER(ECUIL.1 = 156.45 LB-SCRT(CEC RI/SEC-‘TZ-ATP 
THROAT FLCw PARAMETERZFRGZEN) = 166.75 LB-SORTZ CEG R) /‘EC-‘T2-ATM 

CAX WT FLOW PER UNIT AREb(EQUIL.1 = 69.967 LB/SEC-FT; 
FAX kT FLOW PER UNZT AREA(FROZEN) = 74.574 LB/SEC-FT : 

THROAT PRESSURE PATIOZEQUIL.) = 0.573t 
THROAT PRESSURE PATZO(FRGZEh1 = 0.4548 

ENTROPY = 5.t40E 01 BTU/LB-DEG R 

PRESSLRE 
RATZC 

CHAMBER 
THROAT 

l.OOOE-C 1 
1 .OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5. OOOE-C 5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-Cb 
5.000E-C7 
l.OOOE-C7 

PRESSLHE 
RATZC 

CHAptiER 
THRUA T 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
1.OOOF-c5 
5.000E-Cb 
L.OOOE-C6 
5.000E-07 
l.OOOE-07 

PRE SSbRE 
RATZC 

THR04T 
l.OOOE-Cl 
l.OOOE-02 
l.OOOE-C3 
l.OOOE-C4 
S.OOOE-C5 
l.OOOE-C5 
S.OOOE-Cb 
1.000E-c6 
S.OOOE-C7 
l.OOOE-C7 

TEN PERATURE-CEG R 
EQUZL. FROZEN 
sccoo. 5cooo. 
44550. 38607. 
34651. 20616. 
26292. 8266. 
20805. 3390. 
16618. 1412. 
15424. 1086. 
11993. 592. 

9648. 456. 
5286. 
4 724. 
4147. 

DENSZ TY-LB/FT 3 
EQLZL. FROZEN 

1.602E-03 1.601E-03 
4.939E-04 l.O26E-03 
2.649E-04 3.882E-04 
3.972E-05 9.683E-05 
5.62 lE-06 2.361E-05 
7.74f-E-07 5.669E-06 
4.27 ZE-07 3.684E-06 
l.l46E-07 1.352E-06 
7.156E-08 8.77LE-07 
2.628E-08 
l.SOoE-08 
3.617E-09 

NOZZLE AREA RATIO 
EQLIL. FROZEN 

l.COCE 00 l.OOOE 00 
2.13L.E 00 1.677E 00 
1.115E 01 5.677E OC 
6.999E 01 2.204E 01 
4.738E 02 8.9B6E 01 
8.45lE 02 1.378E 02 
3.061E 03 3.737E 02 
4.859E 03 5.750E 02 
1.305E 04 
2.2’7tE 04 
9.370E 04 

ENTFALPY-BTU/LB 
EUUIL. FROZEh 

9.485E 05 9.4BSE 05 
8.495E 05 8.430E 05 
6.430E 05 6.866E c5 
4.497E 05 5.8096 C5 
3.168E 05 5.38lE 05 
2.215E 05 5.205E 05 
1.9RZE C5 5.175E C5 
1.532E 05 5.131E CC 
1.397E 05 5.llRE cc 
1.171E 05 
1.104E C5 
9.718E 04 

MCLEC ILAR WT. 
ECL IL. FRCZEN 
0.584: 0.5843 
c.6c5- 0.5843 
o.t7c : 0.5843 
0.762: c. 5843 
0.853 t 0; 5843 
C-9382 0.5843 
C.SbZC C-5843 
l.COZT C. 5843 
l.CCtlC 0.5843 
l.Cl4C 
l.C34E 
1 .c95c 

VELOC ZTY-FT/SEC 
EQUZL. FROZEh 

PACl-i NLCBER 
ECLZL. FRCZEN 

7039tl. 72696. 1 .ccu l-CCC 
123662. 114517. 2.178 2.114 
158027. 13566C. 3.502 3.989 
177827. 143334. 4.759 6.629 
190779. 146388. 6 .C33 10.529 
193801. 146887. 6.432 12.052 
199535. 147645. 7.303 16.424 
201215. 147853. 8 -246 18.743 
204014. 11.933 
204832. 12.891 
206443. 14.366 

IDEAL ISP-SEC 
EQUZL. FROZEh 
2188.0 2259.5 
3843.5 3559. I 
4911.6 4216.4 
5527.0 4455. c 
5929.6 4549.5 
6023.5 4565.4 
6201.7 4589-C 
6254.0 4595.4 
6341.0 
6366.4 
6416.5 

bAC ZSP-SEC 
ECC IL. FROZEh 

3BCl.9 3663.5 
44e9.4 4C35.2 
524e.8 4377.5 
5738.7 4517.5 
6072.9 4575.4 
6151.3 4585.0 
6254.3 4599.6 
6327.4 4603.6 
63E0.4 
64CC.B 
6444.8 



TA@LE 123 

PERFCRYANCE PARAMETERS FOR FYCROGEN AT A STAGNATICN PRESSURE CF 
1CO. ATM AND A STAGNATICN TEMPERATURE OF 75CC0. CEG F 

THROAT FLCk PARAMETERLEQUZL.1 = 155.10 LB-SQRTLCEG RI/SEC-FTZ-ATP 
THROAT FLOW PARAMETERLFROZEN) = 158.01 LB-SQRTLCEG RI/SEC-FT2-ATM 

CAX WT FLOW PER UNIT AREALEOUIL.1 = 56.636 LB/SEC-FT2 
EAX WT FLOW PER UNIT ARE61FROZEN) = 57.696 LB/SEC-FT i 

THREAT PRESSURE PATIOLEQlJIL.1 = 0.4SlC 
THROAT PRESSURE RATIOLFRCZEh) = 0.4BSC 

ENTROPY = 6.378E 01 BTU/LB-DEG R 

PRESSURE 
RATIO 

CHAMBER 
THROAT 

l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5. OOOE-C 5 
l.OOOE-C5 
5.000E-Cb 
l.OOOE-C6 
5.000E-C7 
l.OOOE-C7 

PRtSSUPE 
RATIO 

CHAMBER 
THROAT 

l.OOOE-Cl 
1.000E-02 
l.OOOE-C3 
1 .OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.ooOE-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-07 

PRESSURE 
RATIO 

THROAT 
l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OooE-04 
5.000E-C 5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
S.OOOE-C7 
l.OOOE-07 

TEMPERATURE-DEG R 
EQUIL. FROZEN 
75coo. 75000. 
58940. 56704. 
40 C25. 30185. 
29403. 12022. 
23154. 4796. 
16961. 1917. 
17933. 1455. 
15814. 767. 
14981. 582. 
13101. 307. 
12232. 

8949. 

DENSITY-LB/FT3 
EQUIL. FROZEN 

9.348E-04 9.348E-04 
5.92BE-04 6.054E-04 
1.886E-04 2.323E-04 
2.977E-05 5.832E-05 
4.274E-06 1.462E-05 
5.81SE-07 3.657E-06 
3.170E-07 2.409E-Ob 
7.67OE-08 9.139E-07 
4.154E-08 6.019E-07 
l.O03E-08 2.283E-07 
5.482E-09 
1.542E-09 

NOZZLE AREA RATIO 
EOUTL. FROZEN 

I.OOOE 00 l.OOOE 00 
1.963E 00 1.672E 00 
9.936E 00 5.627E 00 
6.215E 01 2.1276 01 
4.279E 02 8.3346 01 
7.739E 02 1.261E 02 
3.108E 03 3.309E 02 
5.679E 03 5.018E 02 
2.304E 04 1.321E 03 
4.185E 04 
1.468E 05 

ENTHALPY-BTU/LB 
EOUIL. FROZEN 

1.388E 06 1.388E CC 
1.205E 06 1.206E CC 
9.199E 05 9.466E 05 
6.553E C5 7.702E C5 
4.7966 05 6.999E C5 
3.538E 05 b.718E Cc, 
3.228E 05 6.673E C5 
2.599E 05 6.606E C5 
2.363E 05 6.588E C5 
1.881E 05 6.561E CE 
1.701E 05 
1.367E 05 

MCLECLLAR WT. 
ECLIL. FROZEN 
0.511f 0.5118 
0 -5195 0.5118 
0.5599 0.511e 
O.b39C 0.5118 
0.722L 0.5118 
o.ec54 C-5118 
0.8295 0.5118 
0.@855 0.511e 
0.908t 0.5118 
0.9593 0.5118 
0.5785 
1 -co74 

VELOC ITY-FT/SEC 
EQUZL. FROZEN 

FACH hUY8ER 
ECUIL. FROZEh 

95534. 95307. 1 -coo l-CCC 
153022. 148592. 2.123 2.127 
191473. 175814. 3.601 3.986 
2132C6. 185551. 4.940 6.666 
227490. 189299. 6.237 10.763 
230884. 189894. 6 -627 12.394 
237602. 190777. 7.540 17.151 
240079. 191014. 7 -942 19.711 
245044. 191366. 8.9lC 27.194 
246877. 9.351 
250248. 9 -790 

IDEAL ISP-SEC 
EQUIL. FROZEN 
2969.3 2962.2 
4756.1 4618.4 
5951.2 5464.5 
6626.7 5767.1 
7070.6 5883. C 
7176.1 5902.1 
7384.9 5929.5 
7461.9 5936.9 
7616.2 5947.8 
7673.2 
7778.0 

YAC ZSP-SEC 
ECUIL. FROZEN 

48C3.B 4757.9 
54es.4 5231.5 
6322.4 5670. R 
685e.9 5645.1 
723C.5 5914.2 
732C. 7 5925.2 
75Cl.O 5941.7 
7568.0 5946.1 
77C2.3 5952.7 
7751.4 
7832-B 



‘IABLE 124 

PERFCRt’ANCE PA.RAFcETERS FCR I-YCRCGEN AT A STAGNATICN PRESSURE CF 
100. ATC AND A STAGKATICN TEMPERATURE OF 1CCCCC. CEG E 

ThR0AT FLCW PIRACETERIECUIL.) = 157.28 LB-SQRT(CEG R) /‘EC-FTZ-ATC 
TtlHOAl‘ FLCh PARAMETERfFROZEN) = 157.60 LB-SCRT(CEC RI/SEC-FTZ-ATC 

)rAX hi FLGW PER UNIT AREA(ECUIL.) * 49.737 LB/SEC-FT; 
CAX hT FLCW PER UhIT AREAIFROZENI = 49.A3B LB/SEC-FTi 

THRCAT PRESSURE RATICIEQUIL.1 = 0.4i?@S 
THRCAT PRESSURE RATIOfFROZEN) = 0.4@EC 

ENTROPY = 6.C82E 01 BTC;/LE-CEG R 

PRESSUPE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5,OOOE-C5 
l.OOOE-C5 
5.0OOE-C6 
l.OOOE-C6 
5.000E-C7 
i.OOOE-07 

PRESSURE 
KATIC 

CHArBE P 
THHCA 1 

l.OOOE-Cl 
1 .OOOE-c2 
l.OOOE-C3 
l.OOOE-C4 
5.00OE-C5 
1 .OOOF-c 5 
5.0OOE-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-C7 

PRESSLRE 
KATIC 

THRCAT 
l.COOE-Cl 
1 .OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-07 
1.000E-C7 

TEMPERATURE-DEG R 
EQCIL. FROZEN 

LCOCOO. 1cocoo. 
75654. 75248. 
45 ?44. 40019. 
30829. 15939. 
23S89. 6348. 
19620. 2530. 
18573. 1918. 
16459. 1009. 
15653. 765. 
13941. 402. 
13?43. 
11559. 

DENSITY-LB/FT3 
EQCIL. FKGZEN 

6.937E-04 6.937E-04 
4.495E-04 4.503E-04 
1.593E-04 1.733E-04 
2.655E-05 4.352E-05 
3.B65E-06 l.O93E-05 
5.283E-07 2. 742E-06 
2.879E-07 1.808E-06 
6.951E-08 6.877E-07 
3.755E-08 4.535E-07 
H.944E-09 1.725E-07 
4.819E-09 
l.lSSE-09 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOCE 00 l.OOOE OC 
1.8OCE 00 1.670E CC 
8.80FE 00 5.623E 00 
5.486E 01 2.122E 01 
3.78lE 02 8.291E 01 
6.846E 02 1.253E 02 
2.76lE 03 3.280E 02 
5.062E 03 4.968E 02 
2.085E 04 1.304E 03 
3.842E 04 
1.575E 05 

ENTHALPY-BTU/LB 
EQUIL. FKOZEh 

1.651E C6 1.651E CC 
1.406E C6 1.406E CC 
1.050E 06 1.059E CC 
7.4666 05 8.222E Of 
5.5LlE 05 7.280E CE 
4.124E 05 6.905E 05 
3.7826 05 6.845E C5 
3.0896 05 6.756E Cs. 
2.828~ c5 6.732E CE 
2.293E 05 6.696E cs 
2.090E 05 
1.674E 05 

VELOCITY-FT/SEC 
EQUIL. FROZEh 

110655. llC676. 
173459. 172164. 
212732. 203652. 
234609. 21491C. 
248970. 219234. 
252386. 219919. 
259166. 22C934. 
261677. 221205. 
266745. 221608. 
268646. 
272495. 

IDEAL ISP-SEC 
EQUIL. FROZEh 
3439.3 3439.5 
5391.3 5351-c 
6611.9 6329.7 
7291.9 C679.C 
7738.2 6814.C 
7844.4 6835.3 
8055.1 6866. E 
8133.2 6875.3 
8290.7 6e87.e 
8349.8 
8469.4 

CCLEClLAR WT. 
ECLIL. FROZEh 
0.5C6d 0.5cc4 
C-507i 0.5064 
0.5272 C-5064 
0.597: 0.5064 
0.676F 0.5064 
0.756i O.SC64 
0.7BCC C.5Cf4 
o.e351 c. 5cc4 
0.8582 0.5064 
0.9102 0.5064 
C.S31? 
0.578C 

tJACH NLt’BER 
ECLIL. FRCZEN 

l.CCO l.OCC 
2.105 2.125 
3.7C6 3.98? 
5.141 6.670 
6.490 10.7PC 
6.892 12.42C 
7.825 17.2OC 
8.230 19.785 
9.188 27.332 
9.614 

lC.C55 

bAC 1 SP-SEC 
ECLIL. FRCZEN 

551s.4 5514-c 
6157.2 6060.1 
6SeC.6 656e .4 
7525.3 676q.7 
7eTS. 1 6849.2 
7ssc.o 6861.9 
8172.6 6@8O.F! 
8240.8 6e85.8 
0379.4 6893.3 
8431.5 
8516.4 
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1AEILE 125 

PERFCRYANCE PARAMETERS FOR FVDROGEN AT A STAGNATICN PRESSUPE CF 
100. AT!’ AND A STAGNATICY TEMPERATURE OF LSCCCO. CEG P 

THROAT FLOW PARAMETER(EQUIL.1 = 157.57 LB-SQRTtCEG RI/SEC-FT2-ATY 
THROAT FLCW PARAMElER(FROZEN1 = 157.57 LB-SQRT(CEG R)/SEC-FTZ-ATM 

PAX WT FLCW PER UNIT AREL(ECUIL.1 = 40.684 LB/SEC-FTi 
FAX kT FLOW PER UNIT AREbtFROZEN) = 40.684 LB/SEC-FTP 

THROAT PRESSURE RAT 101 EQU IL. 1 = 0.4876 
THROAT PRESSURE RATIOtFROZEN) = 0.4876 

ENTROPY = 7.C85E 01 BTU/LB-OEG R 

PRESStiRE 
RATIC 

CHAMBE P 
THROAT 

l.OOOE-C 1. 
l.OOOE-C2 
1. OOOE-C 3 
l.OOOE-C4 
5. OOOE-C 5 
1. OOOE-C 5 
5.000E-06 
l.OOOE-C6 
5.000E-C7 
l.OOOE-07 

PRESSLRE 
RATIC 

CHAPBER 
THROAT 

I. OOOE-C 1 
l.OOOE-C2 
1. OOOE-C 3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.00OE-C6 
l.OOOE-C6 
5.ooOE-C7 
l.OOOE-C7 

PRE SSLRE 
RATIC 

THROAT 
1. OOOE-C 1 
I. OOOE-C 2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
1. OOOE-C 5 
5.OOOE-C6 
l.OOOE-C6 
5.OOOE-C7 
l.oOOE-07 

TEMPERATURE-DEG R 
E4UI L. FROZEN 

15ocoo. 150000. 
112594. 112590. 

60416. 59837. 
33373. 23906. 
25 133. 9560. 
20408. 3825. 
19313. 2903. 
17141. 1530. 
16331. 1162. 
14662. 612. 
14013. 465. 
12612. 

DENSITY-LB/FT3 
EQUIL. FROZEN 

4.610E-04 4.610E-04 
2.994E-04 2.994E-04 
l.l49E-04 l.l56E-04 
2.259E-05 2.893E-05 
3.395E-06 7.233E-06 
4.689E-07 1.806E-06 
2.558E-07 l.l91E-06 
6.183E-08 4.518E-07 
3.33 RE-08 2.976E-07 
7.915E-09 1.129E-07 
4.246E-09 7.438E-08 
9.965E-10 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOOE 00 l.OOoE 00 
1.678E 00 1.669E OC 
7.138E 00 5.636E 00 
4.376E 01 2.135E 01 
3.015E 02 8.373E 01 
5.461E 02 1.267E 02 
2.210E 03 3.324E 02 
4.059E 03 5.040E 02 
1.684E 04 1.326E 03 
3.12CE 04 2.012E 03 
1.313E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

2.148E 06 2.148E 06 
1.779E C6 1.779E C6 
1.258E 06 1.259E C6 
8.757E 05 9.036E C5 
6.502E 05 7.618E C5 
4.g32E C5 7.050E C5 
4.546E 05 6.959E C5 
3.767E 05 6.823E 05 
3.474E 05 6.787E C5 
2.871E 05 6.732E C5 
2.641E 05 6.718E C5 
2.164~ 05 

HCLECCLAR WT. 
ECL IL. FROZEN 
C.5C4E 0.5048 
0.504E 0.5048 
0.506E 0.5048 
0.5502 C. 5048 
0.6229 0.5048 
0.698 1 0.5048 
0.721' 0.5048 
0.773 C-5048 
0.796: 0.5048 
0.8471 0.5048 
0.868: 0.5048 
0.917' 

;;W; ITY-FT/SEC 
. FROZEFi 

YACH NUMBER 
ECCIL FROZEN 

135868. 135868. l.COO l.OOC 
211042. 210982. 2.128 2.131 
252347. 249564. 3.843 3.99c 
273807. 263409. 5.552 6.661 
287802. 268747. 7.c37 10.745 
291134. 269595. 7.469 12.373 
297757. 270854. 8.464 17.12C 
300215. 271191. @.e92 19.675 
305200. 271692. 9.890 27.148 
307082. 271826. 10.324 31.176 
310943. 11.356 

IDEAL ISP-SEC 
EQUIL. FROZEh 
4222.9 4222.5 
6559.4 6557.5 
7843.2 7756.7 
8510.2 8187-C 
8945.2 8352.5 
9048.7 8379.3 
9254.6 8418.4 
9331.0 8428.5 
9485.9 8444.5 
9544.4 8448.C 
9664.4 

'dbc ISP-SEC 
ECUIL. FROZEH 

67E8.7 6758.7 
7431.9 7425.4 
8214.5 8C49.8 
8737.8 8298.1 
91c2.c 8396.5 
91SC.8 8412.2 
9369.5 8435.7 
9436.5 8442.0 
9573.5 8451.4 
9625.6 8453.S 
9732.7 
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lA@LE 126 

PERFCRf’AKCE FARAMETERS FOR t-YDROGEN AT A STACNAIICh PRESSUEE CF 
1co. ATY AND A STAGNATICN 1EMPERATURE OF ZCCCCO. CEG A 

THRCIA’T FLCk PbRAMETERtECUIL. 1 = 157.55 LB-SQRT(CEC HI/SEC-FTZ-ATP 
TH’?ClAT FLCM PIRAHETERIFRGZEN) = 157.55 LB-SQRT(CE6 RI/SEC-FTZ-ATP 

t’AX kT FLOW PER 1JNIT AREL(EQUIL..l = 35.225 LB/SEC-FT> 
FAX kT FLCW PER UNIT ARELIFROZEN) = 35.225 LB/SEC-Fli 

THROAT PRESSURE RAT IOt EQU IL. 1 = 0.4@74 
THROAT PRESSURE PATIOfFROZEN) = 0.4e74 

ENTROPY = 7.36SE 01 BTL/LB-DEG R 

PRESSURE TEMPERATURE-DEG R 
RATIO EQkIL. FRCZEN 

CHAMBER 2oocoo. 200000. 
THROAT 150042. 150061. 

l.OOOE-Cl 79738. 79692. 
l.OOOE-C2 36428. 31782. 
l.OOOE-C3 26045. 12683. 
l.OOOE-C4 20945. 5063. 
S.OOOE-C5 19800. 3840. 
l.OOOE-C5 17559. 2021. 
5.OOOE-C6 16733. 1533. 
1 .OOOE-C6 15051. 807. 
5.000E-07 14408. 612. 
l.OOOE-C7 13052. 322. 

PRE SSLPE 
RATIC 

CHAPBER 
THROAT 

l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.0OOE-c5 
l.OOOE-C5 
5.OUOE-C6 
l.OOOE-C6 
5.OOOE-C 7 
l.OOOE-C7 

PRE SSLFE 
RAT IC 

THKCAT 
l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5. OOOE-C 6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-07 

DENS1 TY- -LB/FT3 
ECUIL. FRCZEN 

3.455E-04 3.455E-04 
2.244E-04 2.244E-04 
8.669E-05 8:671E-05 
1.96f’E-05 2.174E-05 
3.100E-06 5.448E-OC 
4.328E-07 1.365E-06 
2.365E-07 fl. 997E-07 
5.728E-08 3.418E-07 
3.094E-08 2.253E-07 
7.334E-09 8.562E-08 
3.93 lE-09 S.644E-08 
9.187E-10 2.144E-08 

FICZZLE AREA RATIO 
ECLIL. FRCZ EN 

l.COCE 00 l.OOOE OC 
1.668E 00 1.667E 00 
6.19BE 00 5.623E 00 
3.667E 01 2.126E 01 
2.517E 02 8.321E 01 
4.561E 02 1.258E 02 
1.847E 03 3.296E 02 
3.394E 03 4.994E 02 
1.412E 04 1.312E 03 
2.620E 04 1.990E 03 
1.109E 05 5.233E 03 

ENTHALPY-BTU/LB 
EQUIL. FROZ Eh 

2.64lE 06 2.641E CC 
2.149E 06 2.149E Ct 
1.456E 06 1.456E Ct 
9.747E 05 9.82BE C5 
7.2286 05 7.942E CS 
5.519E 05 7.190E C5 
5.102E C5 7.069E C5 
4.260E C5 6.889E C5 
3.943E 05 6.841E C5 
3.293E 05 6.769E C5 
3.044E 05 6.750E CE 
2.529E C5 6.721E C5 

VELOC ITY-FT/SEC 
EPUIL. FROZEh 

156970. 156964. 
243654. 243653. 
288855. 288151. 
309912. 304091. 
323423. 310225. 
326635. 311198. 
333022. 31264C. 
335395. 313025. 
340215. 313599. 
342038. 313752. 
345791. 313981. 

IDEAL ISP-SEC 
EQUIL. FROZEh 
4878.8 4878-t 
7573.0 7573-c 
8977.9 8956-C 
9632.4 9451.5 

lCO52.3 9642.1 
10152.1 9672.3 
1035c. 7 9717.1 
10424.4 9729.1 
10574.2 9747-c 
10630.9 9751.7 
10747.5 9758. e 

PCLEClLAR WT. 
ECLIL. FROZEh 
0.5044 0.5c44 
0.5C44 0.5044 
0.504c G. 5044 
0.5233 0.5044 
0.589r oi 5c44 
C-6617 c. 5044 
C.683C 0.5044 
c .734? 0.5c44 
0.756C 0.5044 
0.805E 0.5044 
C.827C 0.5044 
0.875? 0.5c44 

I’ACI- NLPBER 
ECLIL. FRCZEh 

1 .ccc l.COC 
2.131 2.131 
3.89C 3.991 
5.SO2 6.668 
7.562 1C. 768 
8.C29 12.4C3 
9.c95 17.175 
9.550 19.744 

1C .6C4 27.264 
ll.C6C 31.32C 
12.130 43.2CC 

bAC ISP-SEC 
ECLIL. FRCZEh 

78Ct.l 7806.1 
8574.0 8574.5 
93EC.2 9293-F! 
9852.6 9579.2 

102C3.5 9692.1 
102ES. 1 9710.1 
104t1.6 9736.9 
10526.4 9744.1 
106CS.C 9754.8 
107cs.c 9757.7 
10814.1 9762-C 
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fA@LE 127 

PERFCRCANCE FARAkETERS FOR t-YDROGEN AT A STAGNATICN PRESSURE OF 
200. ATf’ AN0 A STAGNATICN TEMPERATURE OF 5CO0. CEG F 

THROAT FLCW PARAMETERtECUIL.1 = 287.65 LB-SQRTtCEG RI/SEC-FTZ-ATM 
THROAT FLCW PARAWETERtFROZENI * 289.12 LB-SQRTICEE RI/SEC-FTZ-ATP 

PAX UT FLCW PER UNIT AREJ(EQUIL.1 = 813.585 LB/SEC-FTi 
FAX WT FLOW PER UNIT AREbtFROZEN) = 817.748 LB/SEC-FTi 

THROAT PRESSURE RATIO(EQUIL.) = 0.5471 
THROAT PRESSURE RATIO(FROZEN) = 0.5446 

ENTROPY = l.E54E 01 BTU/LB-OEG R 

PRESSURE TEMPERATURE-DEG R 
RATIO EQUIL. FROZEN 

CHAMBER scoo. 5000. 
THKOAT 4388. 4346. 

l.COOE-C 1 2920. 2874. 
1. COOE-C 2 1576. 1537. 
l.COOE-C3 823. 754. 
l.OOOE-C4 425. 343. 

ENTHALPY-BTU/LB MCLECLLAR WT. 
EQUIL. FROZEh ECUIL. FROZEN 

1.926E 04 1.926E 04 2.ClO f 2.0106 
1.646E 04 1.645E C4 2.C14i 2.01C6 
1.040E 04 1.047E 04 2.016C 2.OlC6 
5.4266 03 5.579E C? 2.C16( 2.0106 
2.793E 03 3.059E C? 2.C16C 2.01Ct 
1.426E 03 1.866E c3 2.C16C 2.OlC6 

PRESSURE DENSITY-LB/FT3 
RATIC EQUIL. FROZEN 

CHAMBE P l.l02E-01 l.l02E-01 
THKOA T 6.88CE-02 6.904E-02 

l.OOOE-Cl 1.89lE-02 1.917E-02 
l.OOOE-C2 3.504E-03 3.584E-03 
l.COOE-C3 6.715E-04 7.303E-04 
l.OOCE-C4 1.301E-04 1.607E-04 

VELOCITY-FT/SEC 
EQUIL. FROZEh 

11826. 11844. 
21058. 20968. 
26312. 26166. 
28708. 28475. 
29876. 29506. 

PACH NUlrl3ER 
ECLIL. FROZEN 

1 .coo l.COC 
2.144 2.147 
3.584 3.576 
5.39c 5.408 
7.779 8.134 

PRE SSLHE NOZZLE APEA RATIO ICEAL ISP-SEC bAC ISP-SEC 
RATIC EQLIL. FRGZEN EQUIL. FROZ Eh ECLIL. FROZEK 

THROAT l.OOCE CO l.cOOE 00 367.6 368.1 652.1 t5c.c 
l.COOE-Cl 2.043E 00 2.035E 00 654.5 651.7 7cc.e 757-c 
1. OOOE-C 2 8.82qE 00 8.719E CC 817.8 813.3 863.7 858.4 
l.COOE-C3 4.22tE Cl 3.932E 01 892.3 885-C 9 14.2 905.4 
l.OOOE-C4 2.093E 02 1.724E 02 928.6 917.1 935.5 526.0 
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PERFCRFAME FARACETERS FCR FY’CROGEN AT A STAGNATICN PRESSliQE OF 
200. ATY AN0 A STAGNATICN TEMPERATURE OF tcco. CEG P 

THROAl FLCk PfiRAPETERIECUIL.1 = 282.52 LB-SCRTtCEC RI/SEC-fT2-ATC 
THROAT FLCW PtRAMETER(FROZEN1 = 286.78 LB-SCRTICEG RI/SEC-FTZ-ATfJ 

CAX NT FLOW PER UNIT AREA(EOUIL.) = 729.471 LB/SEC-FTi 
FAX WT FLOW PER UNIT AREAtFROZENl = 740.46C LB/SEC-FT i 

THROAT PRESSURE PATIOtEQUIL.) = 0.55EC 
THROAT PRESSURE PATIOtFROZEN) = 0.5465 

ENTROPY = l.S54E 01 BTU/LB-OEG R 

PRESSLPE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
1 .oOOE-C4 
5.000E-C5 

PRtSSUPE 
RArIC 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C 5 

PRE SSLPE 
RATIC 

THKCAT 
l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OoOE-C4 
5.000E-C5 

TECPERATUPE-DEG R 
EQUIL. FROZEN 

6CO0. 6COO. 
5395. 5236. 
3746. 3502. 
2086. 1914. 
lC98. 963. 

570. 446. 
466. 

DENSITY-LB/FT3 
EOUIL. FKOZEN 

9.0796-02 9.079E-02 
5.646E-02 5.685E-02 
1.474E-02 1.556E-02 
2.645E-03 2.846E-03 
5.029E-04 5.656E-04 
9.696E-05 l.ZZOE-04 
5.92lE-05 

NCZZLE AREA RATIO 
EQLIL. FROZEN 

l.COOE 00 l.OOOE CC 
2.104E 00 2.054E 00 
9.29SE 00 8.970E OC 
4.470E Cl 4.135E Cl 
2.224E 02 1.847E 02 
3.614E 02 

ENTt-ALPY-BTU/LB CCLEClLAR NT. 
EQUIL. FROZ Eh ECLiIL. FROZE\ 

2.478E 04 2.478E C4 l.Sf!8i 1.5882 
2.145E 04 2.139E 04 2.co1; 1.9882 
1.373E 04 1.4C6E C4 2.C154 1.9ai32 
7.253E 03 7.970E c3 2.C16C 1.98132 
3.750E 03 4.760E C3 2.016C 1.9882 
1.921E 03 3.204E C3 2.ClCC 1.9882 
1.568E 03 2.C16C 

VELOC I TY-FT/SEC 
EQUIL. FRCZEh 

12920. 13025. 1 .cco 1 .occ 
23521. 2317 1. 2.138 2.14s 
29623. 29011. 3.529 3.559 
32448. 31659. 5 -279 5.331 
33830. 32867. 7.t19 7.936 
34090. 8.474 

IDEAL ISP-SL-C 
EQUIL. FKOZ Eh 

401.6 404.e 
731.1 720.2 
920.7 901.7 

1008.5 984-C 
1051.5 1021.5 
1059.5 

)rACh NljP’BER 
ECLIL. FROZEN 

bAC ISP-SEC 
ECLIL. FRCZEh 
723.9 717.1 
853.1 837.6 
974.7 953.c 

1034.5 lCO7.6 
1oc4.4 1C32.1 
107c.c 
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fAF!LE 129 

PERFCRCANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSUPE OF 
zoc. AT!’ AN0 A STAGNATICN TEMPERATURE OF 7CCO. CEG P 

THROAl FLCh PARACETERlEQUIL.) = 275.57 LB-SQRTtCEE RI/SEC-FTZ-ATP 
THROAT FLCbi PARAHETERIFROZEN) = 282.39 LB-SQRTfCEC R)/SEC-FTZ-ATC 

CAX kT FLOW PER UNIT AREA(EQUIL.1 = 658.726 LB/SEC-FTZ 
FAX LIT F.lOW PER UNIT AREAtFROZEN) = 675.046 LB/SEC-FTS 

THROAT PRESSURE RATIO(ECUIL.) = 0.5632 
THROAT PRESSURE PATIOtFROZEN) = 0.5464 

ENTROPY = 2.C72E 01 BTU/LB-OEG R 

PRESSUPE TEMPERATURE-OEG R 
RATIC EQUIL. FROZEN 

CHAPBEP 7coo. 7coo. 
THROAT 6429. 6108. 

1. OOOE-C 1 4822. 4088. 
l.OOOE-C2 2058. 2248. 
l.OOOE-C3 1539. 1142. 
l.OOOE-C4 803. 534. 
5. OOOE-C 5 659. 419. 
l.OOOE-C5 414. 

PRESSLRE 
RATIC 

CHAMBER 
THROAT 

1. OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 

PRESSLRE 
RATIC 

THRCAT 
l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 

DENSITY-LB/FT3 
EQLIL. FROZEN 

7.544E-02 7.544E-02 
4.686E-02 4.724E-02 
l.l39E-02 1.292E-02 
1.933E-03 2.349E-03 
3.588E-04 4.624~-04 
6.88CE-05 9.887E-05 
4.193E-05 6.300E-05 
1.333E-05 

NOZZLE AREA RATIO IDEAL 
EQUIL. FROZEN EQUIL. 

l.COCE 00 l.OOOE CC 436.9 
2.210E 00 2.056E 00 813.7 
1.019E 01 9.026E 00 1039.3 
4.976E 01 4.198E 01 1146.8 
2.481E 02 1.890E 02 1199.8 
4.037E 02 2.947E 02 1209.7 
1.252E 03 1226.3 

ENTHALPY-BTU/L8 PCLECLLAR WT. 
EQUIL. FROZ EF; ECLIL. FROZEN 

3.249E 04 3.249E C4 1.5275 1.9275 
2.854E 04 2.841E C4 1 .S52t 1.9275 
1.8BOE 04 1.9586 C4 2.CO49 1.9275 
1.016E 04 1.223E C4 2.C16C 1.9275 
5.295E 03 8.330E C? 2.Cl6C 1.9275 
2.725E 03 6.419E C3 2 .C16C 1.9275 
2.227E C3 6.0BOE C3 2.C16C 1.9275 
1.391E 03 2.C16C 

VELOCITY-FT/SEC FACH NUMBER 
EQUIL. FROZEN ECUIL. FROZEN 

14057. 14288. 1.coo l-CCC 
26180. 25419. 2.143 2.151 
33437. 31843. 3.44c 3.558 
36896. 34777. 5.084 5.312 
38601. 36126. 7.336 7.872 
38922. 3636C. 8.159 8.89C 
39457. 10.359 

ISP-SEC 
FROZEh; 

444.1 
790.1 
989.7 

1080.5 
1122-e 
1130.1 

LAC JSP-SEC 
ECLIL. FROZEN 
758.7 786.7 
955.7 919.c 

llC4.7 lC46.3 
ii7e.7 llC7.2 
1215.7 1134.7 
12i2.7 113s.4 
1234.4 
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1ABLE 130 

PERFCRCANCE PARAMETERS FOR t’YDRCGEN AT A STAGNATICN PRESSURE CF 
2co. ATPl AN0 A STAGNATICN TEMPERATURE GF 8COO. CEG P 

THROAT FLCW PARAWETER(EQUIL.) = 266.54 LB-SQRTt CEG RI /SEC-FTZ-ATC 
THROAT FLCW PARAMETERfFROZEN) = 274.88 LB-SQRTlCEE RI/SEC-FTZ-ATC 

t’AX kT FLCW PER UNIT AREb(EQU1L.I = 595.999 LB/SEC-FT; 
lrAX kT FLOW PER UNIT AREAtFROZEN) = 614.655 LB/SEC-FT2 

THROAT PRESSURE RATIOfEQUIL.) = 0.5659 
THROAT PRESSURE RATIOtFROZEk) = 0.544C 

ENTRGPY = 2.222E 01 BTU/LB-CEG A 

PRESStiRE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-C 1 
l.OOCE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 

PRESSLRE 
RATIC 

CHAt’BEP 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 

PRE SSLAE 
RATIC 

THROAT 
l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OoOE-C5 
5.000E-C6 
1 .OOOE-C6 

T;;M’:;ATURE-DEG R 

ecoo: 
FROZEN 

acoo. 
7421. 6940. 
5912. 4589. 
4068. 2485. 
2327. 1248. 
1233. 578. 
lCl3. 453. 

641. 
525. 
329. 

DENSITY-LB/FT3 
ECL;IL. FRCL EN 

6.209E-02 6.209E-02 
3.859E-02 3. B94E-02 
e-99 lE-03 l.O82E-02 
1.354E-03 1.999E-03 
2.373E-04 3.982E-04 
4.4BCE-05 8.590E-05 
2.725E-05 5.486E-05 
8.62 lE-06 
5.26CE-06 
1.674E-06 

NOZZLE AREA RATIO 
EQUIL. FRCZEN 

l.COOE 00 l.OOOE 00 
2.283E 00 2.035E 00 
1.167E 01 8.825E 00 
5.953E 01 4.064E 01 
2.993E 02 1.816E 02 
4.873E 02 2.825E 02 
1.516E 03 
2.473E 03 
7.688E 03 

ENTHALPY- 
EQUIL. 

4.370E 04 
3.894E 04 
2.685E 04 
1.530E 04 
8.143E 03 
4.220E 03 
3.455E 03 
2.165E 03 
1.768E 03 
1.102E C3 

BTU/LB 
FROZE& 

4.370E C4 
3.872E C4 
2.815E 04 
1.944E 04 
1.4BBE C4 
1.267E C4 
1.228E C4 

MCLEClLAR kT. 
ECLIL. FROZEN 
1.@131 1.8131 
1.8472 1.8131 
1.940; 1.8131 
2.ClC4 1.8131 
2.C16C 1.8131 
2.ClCC 1.8 131 
2.016C 1.8131 
2.ClbC 
2.C16C 
2.C16C 

VELOCITY-FT/SEC CACH NUMfiER 
EQUIL. FROZEh ECLIL. FROZEN 

15444. 15785. 1 .ccc l.OOC 
2904 1. 27902. 2.163 2.15C 
37706. 34847. 3.339 3.577 
42191. 37984. 4.773 5.3t6 
44457. 39413. 6.830 7.985 
44886. 39660. 7 .coo 9.02@ 
45599. 9 -690 
45817. 1c .743 
46179. 13.634 

IDEAL ISP-SEC LAC ISP-SEC 
EQUIL. FROZEh ECLIL. FROZEF; 

480.0 490.t 8E1.8 865.2 
902.6 867.2 1064.7 lCO7.3 

1171.9 1083.1 1254.8 1143.8 
L311.3 1180.6 1353.6 1208.5 
1381.8 1225.C 14c3.c 1237.5 
1395.1 1232.7 14 12.4 1242.4 
1417.3 1428.0 
1424.0 1432.8 
1435.3 144c.7 
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TAELE 131 

PERFCRHANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSUPE OF 
200. ATT’ AND A STAGNATICN TEMPERATURE OF FCCC. CEG P 

THROAT FLCW PARACETERTECU1L.l = 254.97 LB-SQRTtCEt RI/SEC-FTZ-ATM 
THROAT FLCW PARAWETER(FROZEN1 = 264.44 LB-SQRT(CEE RI/SEC-FT2-ATC 

FAX WT FLOW PER UNIT AREA(EQUIL. 1 = 537.521 LB/SEC-FT2 
FAX UT FLOW PER UNIT ARELLFROZENI = 557.48C LB/SEC-Ffi 

THROAT PRESSURE RATIO(EQUIL.1 = 0.5649 
THROAT PRESSURE RATIOTFRClZEh1 = 0.5386 

ENTROPY = 2.405E 01 BTUI(LB-DEG R 

PRESSURE TEMPERATURE-DEG R 
RATIC EQUIL. FROZEN 

CHAMBER 9coo. 9000. 
THKOAT 8359. 7707. 

l.OooE-CI 6798. 4961. 
l.OOOE-C2 5220. 2586. 
l.OOOE-C3 3664. 1255. 
l.OOOE-C4 2066. 566. 
5. OOOE-C 5 1708. 440. 
l.OOOE-C5 1087. 
5.000E-C6 893. 
1 .OOOE-C6 564. 
5.000E-C7 462. 

PRESSURE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 

PRESSURE 
RATIG 

THROAT 
l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
S.OOOE-C6 
l.OOOE-C6 
5.0OOE-07 

DENSITY 
EQUIL. 

5.027E-02 
3.130E-02 
7.276E-03 
l.O17E-03 
1.504E-04 
2.674E-05 
1.61 tE-05 
5.080E-06 
3.09?E-06 
9.795E-07 
5.981E-07 

-LB/FT3 
FROZEN 

5.027E-02 
3.162E-02 
9.119E-03 
1.749E-03 
3.607E-04 
7.993E-05 
5.137E-05 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOCE 00 l.OOOE 00 
2.292E 00 1.989E 00 
1.256E 01 8.360E 00 
7.471E 01 3.738E 01 
3,936E 02 1.630E 02 
6.432E 02 2.522E 02 
2.00tE 03 
3.27tE 03 
1.024E 04 
1.672E 04 

ENTHALP Y-BTU/LB 
EQUIL. FROZEh 

5.929E C4 5.929E C4 
5.340E 04 5.308E 04 
3.854E 04 4.042E 04 
2.391E 04 3.027E 04 
1.358E 04 2.514E 04 
7.181E 03 2.273E C4 
5.895E 03 2.231E C4 
3.712E 03 
3.038E C3 
1.901E 03 
1.552E 03 

MCLECCLAR WT. 
ECUIL. FROZEK 
1.6514 1.6514 
1.69OC 1.6514 
1.8052 1.6514 
1.9377 1.6514 
2.C114 1.6514 
2.016C 1.6514 
2.C16C 1.6514 
2.C16C 
2.C16C 
2.016C 
2.C16C 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

CACH NUCBER 
ECLIL. FRGZEN 

17173. 17631. 1 .coo l.OCC 
32228. 30733. 2.172 2.149 
42084. 38117. 3.36C 3.620 
47835. 41350. 4.459 5.504 
51076. 42784. 6.111 8.298 
51702. 43028. 6.773 9.414 
52748. 8.625 
53067. 9.565 
53600. 12.132 
53763. 13.431 

IDEAL ISP-SEC 
EQUIL. FROZE\ 

533.7 548-C 
1001.7 955.2 
1308.0 1184.7 
1486.7 1285.2 
1587.5 1329.8 
1607.0 1337.3 
1639.5 
1649.4 
1666.0 
1671.0 

VAC ISP-SEC 
ECLIL. FROZEN 
978.5 956.8 

llE2.2 1106.2 
14C6.9 1248.2 
1545.6 1313.6 
it le.5 1342.1 
1632.3 1346.9 
1655.3 
1662.3 
1674.C 
1677.6 
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7ABLE 132 

PEt?FCPf’AhCE FARAMETERS FOR I-YDROGEN AT A STAGNAlICN PRESSURE CF 
200. ATC ANC A STAGNATICN TEMPERATURE OF 1CCCO. CEG P 

THRUA,l FLCh PARAYETER(ECUIL.) = 242.20 LB-SQRTICEC RI/SEC-FT2-ATI 
TtIKOAT FLCk PPRAf’!ETER(FROZEN) = 252.83 LB-SQRT(CEE R)/SEC-FTZ-ATC 

PAX WT FLGW PER UNIT AREP(EQUIL.1 = 484.404 LB/SEC-FTi 
t’AX kT FLCW PER UtiIT ARELIFROZEN) = 505.664 LR/SEC-FTi 

THRCAT PRESSURE PATIC(ECUIL.1 = 0.562C 
THROAT PRESSURE PATIO(FROZEN) = 0.53C3 

ENTROPY = 2.ClOE 01 BTU/LB-DEG R 

PRESSbRt 
RATIC 

CHACBER 
THKCAT 

loOOOE-Cl 
l.O00E-C2 
l.OOOE-C3 
1 .OOOE-c4 
5.000E-C5 
l.O00E-C5 
5.000E-C6 
1 .OOOE-C6 
5.000E-C7 
l.OOOE-C7 

PRESSURE 
RATIC 

CHACBE P 
THKOAT 

l.Oc)OE-Cl 
1 .OI)OE-C2 
l.OoOE-C3 
l.ooOE-C4 
5.000E-C 5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-07 

PRESSURE 
RATIC 

THKOAT 
l.OOOE-C 1 
1 .OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.OOOE-C6 
l.OOOE-Cb 
5.000E-C7 
l.OOOE-C7 

TEMPERATURE-DEG R 
EQUIL. FROZEN 
lOCOO, 10000. 

9248. 8393. 
7518. 5199. 
5928. 2563. 
4720. 1185. 
3448. 516. 
2961. 398. 
1946. 
1607. 
1022. 

839. 
529. 

DENS1 TY-LB/FT3 
ECLIL. FROZEN 

4.03 7E-02 4.037E-02 
2.52 ?E-02 2.551E-02 
5.965E-03 7.766E-03 
B,279E-04 1.575E-03 
l.llBE-04 3.408E-04 
1.597E-05 7.827E-05 
9.322E-06 5.07lE-05 
2.838E-06 
1.7lBE-06 
5.40 7E-07 
3.292E-07 
l.O44E-07 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.COCE 00 l.oOOE 00 
2.271E 00 1.924E 00 
1.255E 01 7.723E 00 
B.14YE 01 3.312E 01 
5.277E 02 1.399E 02 
8.892E 02 2.149E 02 
2.842E 03 
4.655E 03 
1.459E 04 
2.387E 04 
7.476E 04 

ENTI-ALPY-BTU/LB 
EOUIL- FROZEh 

7.880E 04 7.880E C4 
7.1436 04 7.095E C4 
5.327E 04 5.592E 04 
3.542E 04 4.429E C4 
2.235E 04 3.87lE C4 
1.279E 04 3.621E 04 
1.06OE 04 3.578E C4 
6.746E 03 
5.535E 03 
3.484E 03 
2.850E 03 
1.783E 03 

CCLECCLAR WT. 
ECLIL. FROZEh 
l-473( 1.4736 
1.514f 1.4736 
1.636E 1.4736 
1.791? 1.4736 
1.9261 lb4736 
2 *CO97 1.4736 
2.C151 1.4736 
2.C16C 
2.016C 
2.C16C 
2.C16C 
2.C16C 

VELOC ITY-FT/SEC 
EQUIL. FHOZEhi 

t’ACl+ NUh’BER 
ECLIL. FROZEN 

19208. 19822. l.CCO l.COC 
35753. 33846. 2.177 2.146 
46604. 41566. 3.382 3.684 
53163. 44798. 4.488 5.716 
57485. 46178. 5.558 8.777 
58432. 46408. 5 .s53 10.003 
60060. 7.392 
60562. 8.171 
61404. 10.355 
61662. 11.465 
62093. 14.5Cl 

lDEAL ISP-SEC 
EQUIL. FROZEh 

597.0 616.1 
1111.2 1052-C 
1448.5 1291.5 
1652.3 1392.4 
1786.7 1435.3 
1816.1 1442.4 
1866.7 
1882.3 
1908.5 
1916.5 
1929.9 

\rAC ISP-SEC 
ECLIL. FRCZEN 

lOE8.0 1059.9 
13c9.7 1213.0 
1558.2 1356.5 
1723.5 1420.1 
1832.8 1447.c 
1855.0 1451.4 
1851.5 
19C2.7 
1921.2 
1926.9 
1936.5 
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TABLE 133 

PERFORMANCE PARAMETERS F3R HYDROGEN AT A STAGNATION PRESSURE CIF 
200. ATM AN0 A STAGNATION TEHPEKATURE (JF 12000. DEG K 

THROAT FLOW PARAMETER ( EQUIL. 1 = 221. 77 LB-SQHT(DEG R)/SEC-FT7-AT’4 
THROAT FLOW PAHAMETERl FROZEN) = 224.66 LB-SQR T(OEC R 1 /SFC-FTZ-ATY 

MAX WT FLOW PEK UNIT AREA(EQUIL. 1 = 404.BBR LB/SEC-FT2 
MAX WT FLOW PER UNIT AREA(FROZEN1 = 410.163 LB/SEC-FT2 

THKOAT PHESSURE RATIOlEQUIL. I = 0.5535 
THROAT PRESSURE RATIOLFKDZEN) = 0.4850 

ENTROPY = 2.996E 01 BTU/LB-DEG R 

PRESSUHE TEMPERATURE-DEG R ENT-iALPY-BTU/LB MDLECiJLAR WT. 
KATIO EQUIL. FROZEN EQUI L. FROZEN EQUIL. FRUZ EN 

CHAMBER 12000. 12000. 1.203E 05 1.203E 05 1.1887 1.1887 
THHOAT 10838. 9399. 1.092E 05 1.084E 05 1.2281 1.1887 

l.OOOE-01 8638. 5447. 8.4506 04 R.923E 04 1.35C5 1.1887 
l.OOOE-02 6761. 2387. 6.003E 04 7.49lE 04 1.5087 1.1887 
l.OOOE-03 5533. 1009. 4.235E 04 6.B73E 04 1.6604 1.1887 
l.OOOE-04 4626. 415. 2.896E 04 6.615E 04 1.B323 l.lB87 
5.000E-05 4388. 2.555E 04 1.8425 
l.OOOE-05 3859. 1.856E 04 1.9287 
5.000E-06 3623. 1.591E 04 1.9612 
l.OOOE-06 2915. 1.06GE 04 2.6113 
5.0UGE-07 2406. B.754E 03 2.0156 
l.OOOE-07 1610. 5.545E 03 2.C160 

PRESSUKE DENSITY-LB/FT3 
RATIO EQUIL. FROZEN 

CHAHBEK 2.714E-02 2.714E-02 
THROAT 1.7186-02 1.680E-02 

l.OoOE-01 4.284E-03 5.978E-03 
l.OOOE-02 6.114E-04 1.364E-03 
l.OOOE-03 8.222E-05 3.228E-04 
l. OOOE-04 l.O67E-05 7.850E-05 
5.000E-05 5.752E-06 
l.OOOE-05 1.369E-06 
5.000E-06 7.414E-07 
l.OOOE-06 1.890E-07 
5.000E-07 l.lllE-07 
l.OOCE-07 3.431E-08 

PRESSURE NOZZLE AKEA RATIO IDEAL I SP-SEC VAC I SP-SEC 
RATIO EQUIL. FROZEN EQUI L. FR@ZEN EQUIL. FROZ FY 

THROAT l.OOOE 00 l.OOOE 00 732.4 758.7 131r.9 1259.1 
l.OOOE-01 2.233E 00 1.740E 00 1315.5 1225.4 154n.9 14D5.0 
l.OOOE-02 1.206E 01 6.309E 00 1707.0 1481.3 1833.0 1546.4 
l.OOOE-03 7.884E 01 2.502E 01 1941.3 1578.9 2023.7 16C4.R 
l.OOOE-04 5.610E 02 1.004E 02 2101.5 1617.9 21hC.2 1625.3 
5.000E-05 1.022E 03 2140.3 2193.8 
l.OOOE-05 4.144E 03 2218.0 2261.3 
5.000E-06 7.555E G3 2246.7 2296.1 
1.000E-06 2.B91E 04 2303.0 2333.3 
5.000E-07 4.879E 04 2322.4 2347.9 
l.OOOE-07 1.557E 05 2355.5 2371.8 

VELOCI TY-FT/S EC 
EQUI L. FROZEN 

23563. 
42325. 
5492 1. 
62461. 
67614. 
68864. 
71360. 
72284. 
7409a. 
74720. 
75787. 

24412. 
39427. 
47660. 
50801. 
52056. 

MACH NUMBER 
EQUIL. FROZ ErJ 

l.O@O 1.000 
2.152 2.105 
3.415 3.79h 
4.554 6.152 
5.651 9.760 
5.979 
6.745 
7.075 
7.7n5 
B.238 

10.217 
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lAI?LE 134 

PEKFCRPANCE F,ARAYETERS FOR bYCRCGEN AT A STAGNATICN PRESSUPE OF 
2cc. AT!’ AND A STAGNATICN TEMPERATLRE OF 14CCC. CEG F 

TttRCAJ FLCk PCRAYETER(ECU1L.l = 216.23 LB-SQKT(CEE R)/‘EC-FTZ-ATM 
THY047 FLCk PARAt’ETERfFRCZENI = 227.05 LB-SCKT(CEC RI/SEC-FTZ-ATf’ 

FAX kT FLCW PER UNIT AREA(E0UIL.l = 365.496 LB/SEC-F12 
t’AX kT FLOW PER UNIT AREA(FRCZEN) = 383.78C LB/SEC-FT i 

THRCAT PRESSUKE RATIC(ECUIL.) = 0.54fC 
THRCAT PRESSURE PATIC1FRCZEN) = 0.4575 

ENTRCPY = 3.i03E 01 BTU/LB-CEG R 

PRt SSLHE 
RATIC 

CHAPHER 
THKCAT 

l.OUOE-Cl 
I. OOOE-C2 
l.OOOE-C3 
1 .OOOE-C4 
5.000E-C5 
1.ooot-c5 
5.000E-C6 
1 .OOOE-C6 
‘i.OOOE-C7 
l.OOt-lE-C 7 

TECPERATCRE-DEG R 
EQUI L. FROZEN 
14coo. 14coo. 
12191. 10798. 

9786. 5889. 
7130. 2371. 
5814. 914. 
4889. 343. 
4657. 
4173. 
3981. 
3549. 
3354. 
2 754. 

PRESSL’PE 
KATIC 

CHAPBEF 
THROAT 

l.OOOE-Cl 
1 .OOOE-C2 
l.OOOE-C3 
1 .OOOE-C4 
5.000E-C 5 
l.OOOl=-c5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-C7 

OENSI TY-L8/FT3 
EQUIL. FRO2 EN 

2.112E-02 2.112E-02 
1.367E-02 1.3626-02 
3.609E-03 5.021E-03 
5,29CE-04 1.247E-03 
7.19 qE-05 3.236E-04 
9.355E-06 8.611E-05 
5.032E-06 
l.l84E-06 
6.33SE-07 
1.487E-07 
7.996E-08 
2.00CE-08 

PRC: SSLRE 
RATIC 

THRCAT 
l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
S.OOOE-C5 
l.OOOE-C5 
Lj.OOOE-C6 
l.OOCE-C6 
5.000E-C7 

NCZZLE AREA RATlC 
EQUI L. FRCZEN 

l.COCE 00 l.G’JOE OC 
2.159E 00 1.712E 00 
1.146F 01 5.798E OC 
7.453E 01 2.116E 01 
5.31CE 02 7.799E 01 
9.698E 02 
3.98 1E 03 
7.343E 03 
3.053E 04 
5.623E 04 

l.OOOE-C7 2.208E 05 

ENTkALPL-8TU/LB 
EQUIL. FROZEh 

1.470E 05 1.470E C5 
1.327E 05 1.31lE C5 
1.030E 05 1.072E CC 
7.442E 04 9.071E C4 
5.411E 04 8.4216 C4 
3.883E 04 8.174E C4 
3.494E 04 
2.691E C4 
2.383E 04 
1.744E 04 
1.499E 04 
1.002E 04 

HCLECCLAR WT. 
ECLIL. FROZEN 
1 .C79? l.C7S3 
l.llli 1.07$3 
1.223r l.C793 
i .376e 1.0793 
L-526: l,C7S3 
1.6692 1.0793 
1.71CE 
1 .ec35 
1.842? 
1.925t 
1.9577 
2.C104 

VELOCITY-FT/SEC 
EOUIL. FROZEh 

FACH NLCBER 
ECLIL. FRCZEN 

26744. 28168. l.CCO l.CCC 
469C0. 44639. 2.181 2.127 
60270. 53073. 3.474 3.914 
68184. 56054. 4.644 6.575 
73581. 57148. 5.762 10.866 
74892. 6 .C94 
77529. t .@63 
78517. 7.195 
80529. 7.973 
81287. 8.311 
82801. s .cc7 

ICEAL ISP-SEC kAC ISP-SEC 
EOUIL. FRCZEh ECLIL. FRCZEN 

831.2 875.5 1464.6 1424.1 
1457.7 1387.4 17c7.7 1576.2 
1873.3 1649.6 2CC6.0 1713.5 
2119.2 1742.2 22C5.5 1765.5 
2287.0 1776.2 2348.4 1784.8 
2327.7 23E3.9 
2409.7 2455-e 
2440.4 24E2.S 
2502.9 253e.3 
2526.5 255S.C 
2573.5 2559.1 
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TABLE 135 

PERFCRKANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE CF 
200. ATP AND A STAGNATICN TEMPERATURE OF lCCC0. CEG C 

THROAT FLGW PARAMETERtEQUIL.) = 216.95 LB-SQRT(CEG RI/SEC-FTZ-ATC 
THROAT FLOW PARAWETER(FROZEN) = 224.59 LB-SQRTf CEC RI/SEC-FT2-ATM 

PAX 
PAX 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLEC 1LAR WT. 
RATIC EQL IL. FROZEN EQUIL. FROZEh ECLIL. FROZEN 

CHAMBER 16COO. 16000. 1.637E 05 1.637E C5 l-C401 1.04Cl 
THROAT 13399. 12168. 1.468E C5 1.44BE C5 1 .C62< 1.04Cl 

l.OoOE-Cl 9716. 6537. 1.137E 05 1.172E C5 1.162C 1.04Cl 
l.OOOE-C2 7332. 2592. 8.2546 04 9.8346 C4 1.311s 1.04Cl 
l.OOOE-C3 5951. 997. 6.072E 04 9.098E 04 1.459; 1.04Cl 
l.OOOE-C4 5004. 377. 4.438E 04 B.817E C4 1 .bOC9 1.0401 
5.000E-C5 4770. 4.023E 04 1.6424 
l.OOOE-C5 4290. 3.166E 04 1.7361 
5.000E-Cb 4 103. 2.837E 04 1.7752 
l.OOOE-C6 3700. 2.151E 04 1.862: 
5.000E-07 3533. 1.886E 04 1.8977 
l.OOOE-C7 3122. 1.335E 04 1.9717 

PRESSURE OENSITY-LB/FT3 
RATIC EQUIL. FROZEN 

CHAMBER 1.7BlE-02 1.781E-02 
THKCAT l.l78E-02 l.l53E-02 

l.OOOE-Cl 3.27BE-03 4.359E-03 
l.OOOE-C2 4.902E-04 l.O99E-03 
l.OOOE-C3 6.718E-OS 2.859E-04 
l.OOOE-C4 8.765E-06 7.559E-OS 
S.OOOE-C 5 4.71 CE-06 
l.OOOE-C5 l.l09E-06 
5.000E-C6 5.926E-07 
l.OOOE-C6 1.375E-07 
5.000E-C7 7.359E-08 
l.OOOE-C7 1.730E-08 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC bAC I SP-SEC 
RATIC EQUIL. FRGZEN EQUIL. FROZEh ECLIL. FROZEN 

THROAT l.OOCE 00 l.OOOE 00 904.8 957.3 1573.7 1544-c 
l.OOOE-C 1 2.091E 00 1.687E 00 1555.4 i500.e 18 13.4 1701.9 
l.OOOE-C2 1.098E 01 S.645E 00 1981.5 177B. 3 2116.9 1845.6 
1. OOOE-C 3 7.111E 01 2.058E 01 2232.0 1875.7 2319.7 19CC.2 
l.OOOE-C4 5.063E 02 7.639E 01 2402.4 1911.5 2464.9 lS2C.6 
5.000E-C 5 9.251E 02 2443.8 25CC.S 
l.OOOE-C5 3.8056 03 2527.2 2574.1 
5.OOOE-Cb 7.031E 03 2558.5 2bC1.9 
l.OOOE-C6 2.948E 04 2622.5 2658.9 
5,00OE-C7 5.474E 04 2646.8 26EC.b 
l.OOOE-C7 2.285E 05 2696.7 2724.9 

kT FLCW PER UNIT AREA(ECUIL.1 = 343.031 LB/SEC-FTS 
kT FLOW PER UNIT AREAtFROZENl = 355.111 LB/SEC-FTi 

THROAT PRESSURE PATIO(EQUIL.) = 0.5422 
THROAT PRESSURE PATIOiFROZEN) = 0.4523 

ENTROPY = 3.116E 01 BTL/LB-DEG R 

VELOC ITY-FT/SEC 
EOUIL. FROZEh 

29110. 
50043. 
63753. 
71812. 
77295. 
78628. 
81310. 
82317. 
84377. 
85159. 
86763. 

30800. 
48287. 
57216. 
60348. 
61502. 

PACt+ NLCBER 
ECLIL. FROZEN 

1 .cco l.OCC 
2.205 2.126 
3.529 3.951 
4.721 6.661 
5.858 10.992 
6.194 
6.970 
7.304 
8.CE3 
8 -422 
9.217 
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IABLE 136 

PERFCRtJANCE PARAb’ETERS FCR FYCROGEN AT A STAGNATICN PRESSL;PE OF 
2co. ATCl AND A STAGNATICN TEMPERATLRE OF l@CCC. CEG E 

THRUAl FLCk PARAMETER(ECUIL.1 = 218.89 LB-SQRTtCEE RI/SEC-FTZ-ATP 
THROAT FLCW PARAHETERIFROZEN) = 223.65 LB-SQRT(CEG RI/SEC-FTZ-ATC 

PAX UT FLOW PER UNIT AREA(EQUIL.1 = 326.3Ot LB/SEC-FTi 
PAX WT FLOk’ PER UNIT AREP(FROZEN) = 333.394 LB/SEC-FT i 

THRCAT PRESSURE RATIO(ECUIL.) = 0.5373 
THROAT PRESSURE PATIO~FRGZEN) = 0.4sCl 

ENTROPY = 3.?9iE 01 BTU/LB-DEG R 

PRESSLPE 
RATIG 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5. OOOE-C 5 
I. OOOE-C5 
5.000E-C6 
l.OOOE-CO 
S.OOOE-C 7 
l.OOOE-C7 

PRESSLRE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5. OOOE-C 6 
l.oOOE-C6 
5.000E-C7 
l.OOOE-C7 

PRESSURE 
RATIC 

THKOAT 
l.OOOE-Cl 
l.OOOE-C2 
l.OUOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5,00OE-C7 
1 .OOOE-C7 

TEWPERATURE-DEG R 
EQUIL. FROZEN 
18COO. lBC00. 
14608. 13608. 
lOC67. 7269. 

7472. 2867. 
6039. 1 LO3. 
5075. 418. 
4839. 
4357. 
4172. 
3777. 
3618. 
3251. 

DENS1 TV-LB/FT3 
EQUI L. FROZEN 

1.560E-02 1.560E-02 
1.047E-02 l.OllE-02 
3.063E-03 3.863E-03 
4.66 lE-04 9.793E-04 
6.426E-05 2.546E-04 
8.407E-06 6.715E-05 
4.52 5E-06 
l.O64E-06 
5.685E-07 
1.32CE-07 
7.026E-08 
1.631E-08 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

1,OOCE 00 l.OOoE 00 
2.024E 00 1.677E 00 
1.053E 01 5.591E 00 
6.805E 01 2.039E 01 
4.844E 02 7.590E 01 
8.85LE 02 
3.644E 03 
6.736E 03 
2.834E 04 
5.274E 04 
2.23lE 05 

ENTkALPY-@TU/LB 
EOUIL. FROZEh 

1.764E 05 1.764E C5 
1.570E 05 1.547E C5 
1.2llE 05 1.235E CC 
8.808E 04 1.024E C5 
6.521E 04 9.4lOE C4 
4.816E 04 9.095E C4 
4.383E 04 
3.490E 04 
3.147E 04 
2.431E 04 
2.154E 04 
1.574E C4 

?‘CLECLLAR WT. 
ECLIL. FROZEN 
1.024f 1.0248 
l.C3Sl 1.0248 
1.125r 1.0248 
1.2712 1.0248 
1.41tt 1,.0248 
1.557; 1.0248 
I.5984 
1.6915 
1.7312 
1 .els? 
I .e557 
1.9345 

VELOCITY-FT/SEC 
EGUIL. FROZEh 

CACH NUPBER 
ECLIL. FROZEh: 

31166. 32969. 1 .coo l.COC 
52625. 51457. 2.231 2.127 
66504. 60893. 3.583 3.965 
74618. 64198. 4.794 6.6Fl 
80133. 65416. 5.946 ll.C34 
81473. 6.286 
84172. 7.c7c 
85187. 7.406 
87264. 8.189 
88056. 8.529 
89689. 9.329 

2787.6 

IDEAL ISP-SEC 
EQUIL. FROZ Ebi 

968.7 1024.7 
1635.6 1599.3 
2067.0 1892.6 
2319.2 1995.? 
2490.6 2033.2 
2532.3 
2616.2 
2647.7 
2712.3 
2736.9 

2816.5 

LAC I SP-SEC 
ECC;IL. FRCZEN 

1665.5 1646.9 
1858.2 1812.3 
22C3.5 1963.6 
24C7.5 2021.2 
2553.4 2C42.8 
25E9.7 
2663.4 
2651.4 
2749.0 
2771.1 
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TABLE 137 

PERFCRCANCE FARAMETERS FOR HYORCGEN AT A STAGNATICN PRESSURE OF 
200. ATCl AND A STAGNATICN TEMPERATURE OF ZCCCCI. CEG R 

TtiRDAT FLOW PPRAf”ETER(EQUIL. 1 = 218.35 LB-SQRT[CEE RI/SEC-FT2-ATM 
THROAT FLCW PARAMETER(FROZEN1 3 222.88 LB-SQRTTCEE RI/SEC-FTZ-ATM 

PAX wT FLCW PER UNIT AREP1EQUTL.l = 308.794 LB/SEC-FT2 
FAX HT FLOW PER UNIT AREA{ FROZEN1 = 315.20 1 LB/SEC-FT2 

THROAT PRESSURE RATIOtEQUIL.1 = 0.5C81 
THROAT PRESSURE RATIO(FROZENt = 0.4891 

ENTROPY = 3.461E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R 
RATIC EQuIL. FROZEN 

CHAMBER 2ocoo. 20000. 
THROAT 15877. 15000. 

l.OOOE-C 1 10 474. 8036. 
i.OOOE-C2 7611. 3166. 
l.OOOE-C3 6 122. 1219. 
l.OOOE-C4 5138. 463. 
!i.OOOE-C 5 4899. 
l.OOOE-C5 44 14. 
5. OOOE-C 6 4229. 
l.OOOE-C6 3839. 
5.000E-C7 3684. 
l.OOOE-07 3339. 

PRESSLPE 
RATIC 

CHAMBER 
THROAT 

1 .OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-04 
5.000E-C 5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-C7 

PRESSURE 
RATIO 

THROAT 
l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
1 .OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-07 
l.OOOE-C7 

DENSITY-LB/FT3 
EQUIL. FROZEN 

1.39CE-02 1.39OE-02 
8.989E-03 9.01BE-03 
2.860E-03 3.460E-03 
4.445E-04 8.783E-04 
6.16SE-05 2.282E-04 
B.O93E-06 6.007E-05 
4.358E-06 
l.O25E-06 
5.477E-07 
1.27CE-07 
6.75?E-08 
1.557E-08 

NOZZLE AREA RATIO 
EOLIL. FRGZEN 

l.OOCE 00 l.OOOE 00 
1.94SE 00 1.673E Oc! 
l.OOlE 01 5.5736 00 
6.454E 01 2.035E 01 
4.592E 02 7.587E 01 
8.392E 02 
3.457E 03 
6.396E 03 
2.695E 04 
5.02?E 04 
2.139E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEh 

1.896E 05 1.896E 05 
1.66LE 05 1.652E C5 
1.2t33E 05 1.304E 05 
9.338E 04 1.068E c5 
6.948E 04 9.76lE C4 
5.175E 04 9.409E C4 
4.726E 04 
3.799E 04 
3.442E 04 
2.699E 04 
2.411E 04 
1.806E 04 

MCLECLLAR WT. 
ECLIL. FROZEN 
l.Cl4S 1.0149 
1.0251 1.0149 
1 .c93r 1.0149 
1.2347 1.0149 
1.378r 1.0149 
1.5177 1.0149 
1.55er 
l-t517 
1.69Of 
1.7792 
l.elbi 
1.897C 

VELOCITY-FT/SEC 
EQUIL. FROZ EK 

b’ACH NURBER 
ECLIL. FROZEN 

34351. 34951. 1 .coo l-CCC 
55405. 54439. 2.257 2.127 
69418. 64391. 3 .C46 3.971 
77559. 67876. 4.878 6.701 
83085. 69163. 6.046 11.042 
84428. 6.391 
87133. 7.184 
88150. 7.524 
90236. 8.312 
91032. 8.t54 
92680. 9.456 

IDEAL ISP-SEC 
EQUIL. FHOZEh 
1067.7 1086.3 
1722.1 1692-C 
2157.6 2001.3 
2410.6 2109.7 
2582.4 2149.6 
2624.1 
2708.2 
2739.8 
2804.6 
2829.4 
2890.6 

\rAC ISP-SEC 
ECLIL. FROZEN 

17t4.1 1743.0 
19EF. 1 191t.7 
2254.7 2076.2 
2459.1 2137.0 
2645.3 2159.8 
26E1.6 
2755.6 
27E3.6 
2841.6 
2863.8 
29c9.9 
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TABLE 138 

PERFCRYANCE PARAMETERS FOR FYDROGEN AT A STAGNATICN PRESsuPE OF 
200. Atn AND a STAGNATICN TEMPERATURE OF 3CCCC. CEG F 

THROAT FLCW PARAHETER(EQUlL.1 = 200.06 LB-SQRT(CEC RI/SEC-FTZ-ATC 
THROAT FLCW PARAHETER(FROZEN1 = 215.25 LB-SQRTICEG RI/SEC-FT2-ATR 

PAX kT FLOW PER UNIT AREATEQUIL.1 = 231.015 LB/SEC-FT2 
f’AX WT FLOW PER UNIT AREA(FRDZEN1 = 248.549 LB/SEC-FTL 

THROAT PRESSURE RATIO(EGUIL.1 = 0.5555 
THROAT PRESSURE PATIOIFROZENI = 0.4889 

ENtROPY = 3.823E 01 BTU/LB-DEG R 

PRESSURE 
RATIC 

CHAMBER 
THKOAT 

1. OOOE-C 1 
1.oooF-c2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-c5 
l.OOOE-C5 
5.000E-Cb 
1 .OOOE-C6 
5.000E-c7 
l.OOOE-Cf 

T&;J;ATURE-DEG R 

3ocoo: 
FROZEN 
3cooo. 

26604. 22796. 
16591. 12127. 

8659. 4806. 
6571. 1867. 
5438. 715. 
5 176. 535. 
4660. 273. 
4468. 
4074. 
3923. 
3605. 

ENTHALPY-BTU/LB MCLECLLAR WT. 
EQUIL. FROZEh ECLIL. FROZEk 

2.815E C5 2.815E C5 0.95tc 0.9566 
2.473E 05 2.425E C5 C.975f 0.95t6 
1.732E 05 1.8676 C5 1 -CC9 1 C.95t6 
1.2266 05 1.488E C5 l.C74t 0.9566 
9.244E 04 1.340E C5 1.204: 0.95t6 
7.090E 04 1.282E Cc- 1.3354 C.95t6 
6.551E 04 1.273E CS 1.374; 0.95tt 
5.443E 04 1.260E C5 1.463C 0.95tb 
5.019E 04 1.500- 
4.135E 04 1.58t I 
3.792E 04 l-623: 
3.069E 04 1.7064 

PRESSURE DENSITY-LB/FT3 
RATIC EQUIL. FROZEN 

CHAHBE R B.736E-03 8.736E-03 
THROAT 5.582E-03 5.62lE-03 

1 .OOOE-C 1 l.t666-03 2.161E-03 
l.OOOE-02 3.400E-04 5.454E-04 
l.OOOE-C3 5.02 LE-05 1.404E-04 
l.OoOE-C4 6.728E-06 3.663E-05 
Lj.OOOE-C5 3.637E-06 2.448E-05 
1. OOOE-C 5 8.602E-07 9.618E-06 
5.000E-C6 4.601E-07 
l.OOOE-C6 l.O67E-07 
5.0OOE-C7 5.669E-08 
l.OOOE-07 1.297E-08 

VELCC ITY-FT/SEC YACH NUMBER 
EQUIL. FROZEN ECLIL. FROZEN 

41383. 44216. l.COO l.CCC 
73651. 68891. 2.1C6 2.128 
89205. 81503. 4 .c4c 3.973 
97295. B5954. 5.492 6.678 

102686. 87612. 6.796 10.958 
103993. 87867. 7.176 12.699 
106625. 88237. 8 .C45 17.857 
107616. 8.414 
109654. 9.267 
110434. 9.t33 
112060. 10.481 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC bAC ISP-SEC 
RATIC EQUIL. FROZEN EQUIL. FROZ Eh ECLIL. FROZEN 

THRCAT l.OOCE 00 l.OOOE OC 1286.2 1374.3 23C3.9 2206.8 
l.OOOE-Cl 1.882E 00 1.669E 00 2289.2 2141.2 2634.0 2425.5 
l.OOOE-C2 7.616E 00 5.592E 00 2772.6 2533.2 2912.1 2628.4 
l.OOOE-C3 4.729E 01 2.06OE 01 3024.0 2671.5 31 lC.7 2706.6 
l.OOOE-04 3.344E 02 7.745E 01 3191.6 2723.1 3252.8 2736.2 
5. OOOE-C 5 6.109E 02 1.155E 02 3232.2 2731-C 3288.2 274C.B 
l.OOOE-C5 2.5196 03 2.929E 02 3314.0 2742.5 3360.2 2747.5 
5.000E-Cb 4.665E 03 3344.8 3367.6 
l.OOOE-Cb 1.974E 04 3408.1 3444.3 
5.000E-07 3.690E 04 3432.4 3466.2 
1 .OOOE-07 1.590E 05 3482.9 3512.1 
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TA@LE 139 

PERFCRCANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
2C0. ATL AND A STAGNATICN TEMPERATURE OF 4CCO0. CEG P 

THROAT FLCk PARAHETER(ECUIL.1 = 179.86 LB-SQRTtCEG RI/SEC-Fl2-ATM 
THROAT FLCW PARAHETER(FROZEN) = 198.21 LB-SQRTICEG RI/SEC-FTZ-ATM 

MAX WT FLOW PER UNIT AREAIEQUIL.1 = 179.85@ LB/SEC-FTi 
MAX WT FLCW PER UNIT AREC(FRCZENI = 198.213 LB/SEC-FTi 

THROAT PRESSURE RATIO(EOU1L.T = 0.5581 
THROAT PRESSURE RATIO(FROZEN1 = 0.5C75 

ENTRCPY = 4.447E 01 BTU/LB-DEG A 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLEClLAR kT. 
RATIC EOUIL. FROZEN EQUIL. FROZEh ECLIL. FROZEN 

CHAMBER 4ocoo. 40000. 5.048E 05 5.048E C5 0.796; C-7967 
THROAT 36548. 31100. 4.500E 05 4.430E C5 0.8207 0.7967 

l.OOOE-C 1 28295. 16432. 3.199E 05 3.496E C5 0.8975 0.7967 
l.OOOE-C2 19565. 6547. 2.037E 05 2.878E 05 0.9842 0.7967 
l.OOOE-C3 9523. 2577. 1.386E 05 2.634E CC 1 .OlCI C.7967 
l.OOOE-C4 6081. 1003. 1.066E 05 2.538E Cf 1 .C94‘ c. 7967 
5.000E-CS 5699. 755. 9.934E 04 2.523E C5 1.1283 0.7967 
l.OOOE-C5 5035. 389. 8.468E 04 2.500E C5 1.2071 0.7967 
5.000E-C6 4806. 7.915E 04 1.2413 
l.OOOE-06 4360. 6.771E 04 1.3193 
S.OOOE-07 4195. 6.330E 04 1.3525 
l.OOOE-C7 3858. 5.405E 04 1.42B.E 

PRESSURE DENSITY 
RATIC EQUIL. 

CHAMBER 5.457E-03 
THROAT 3.433E-03 

l.OOOE-Cl 8.694E-04 
l.OOOE-C2 1.37 BE-04 
l.OOOE-C3 2.908E-05 
l.OOOE-C4 4.931E-06 
5.000E-C5 2.712E-06 
l.OOOE-C5 6.571E-07 
5.000E-C6 3.53BE-07 
l.OOOE-C6 8.29OE-08 
5.000E-07 4.41 IE-08 
1. OOOE-C 7 l.O15E-08 

PRE SSUR E NOZZLE AREA RATIO IDEAL ISP-SEC VAC ISP-SEC 
RATIO EQUIL. FROZEN EQuIL. FROZEN ECLTL. FROZEN 

THROAT l.OOOE 00 l.OOOE 00 1628.2 1729.6 2941.4 2813.1 
l.OOOE-Cl 2.15CE 00 1.692E 00 2991.0 2740.3 34FC.8 3101.6 
l.OOOE-C2 1.063E 01 5.704E 00 3815.9 3239.5 4CC6.C 3361.3 
l.OOOE-C3 4.56BE 01 2.12BE 01 4208.4 3417.3 43 15.9 3462.7 
l.OOOE-C4 2.583E 02 8.128E 01 4398.3 3484.5 4449.1 3501.8 
5.000E-C 5 4.654E 02 1.219E 02 4428.3 3494.9 44E3.0 3508.0 
l.OOOE-C5 1.887E 03 3.125E 02 4507.6 3510.2 4552.C 3516.9 
5.000E-C6 3.4836 03 4537.2 4570.2 
1 .OOOE-C6 1.467E 04 4597.7 4632.3 
5.000E-C7 2.739E 04 4620.9 4653.1 
l.OOOE-07 L.lBCE 05 4669.0 46SC.E! 

-LB/FT3 
FROZEN 

5.457E-03 
3.562E-03 
1.328E-03 
3.334E-04 
8.47lE-05 
2.175E-05 
1.446E-05 
5.616E-06 

VELOC ITY-FT/SEC 
EQUIL. FRO,? Eh 

52387. 55648. 
96232. 88165. 

122774. 104227. 
135401. 109948. 
141188. 112110. 
142475. 112446. 
145028. 112938. 
145980. 
147928. 
148672. 
150222. 

MACH NLMBER 
ECLIC. FROZEN 

1 .ccc l.OOC 
2.209 2.135 
3.532 3.908 
5.601 6.673 
7.933 10.873 
8.436 12.57C 
9.526 17.576 
9.976 

10.597 
11.43c 
12.422 
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TABLE 140 

PERFCRCANCE PARAMETERS FCR FYDRCGEN AT A STAGNATICN PRESSUFE CF 
2co. ATM AND A STAGNATICN TEMPERATURE OF SCCCC. CEG P 

THROAT FLCW PARAHETERIECUIL.) = 162.05 LB-SORTICEC RI/SEC-FTZ-ATM 
THROAT FLCk PARAMETERtFROZEN) = 171.83 LB-SQRTtCEC RI/SEC-FTZ-ATM 

MAX MT FLCW PER UNIT AREA(EQUIL.) = 144.935 Lt!/SEC-FT2 
MAX WT FLOW PER UNIT AREA(FROZENT = 153.692 LB/SEC-FTi 

THROAT PRESSURE PATIO(EQUIL.1 = 0.5432 
THROAT PRESSURE RATIOtFROZEN) = 0.4S9t 

ENTROPY = 5.EllE 01 BTU/LB-OEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECLLAR WT. 
RATIC EOUIL. FROZEN EQUIL. FROZEN ECGIL. FROZEN 

CHAMBER 5ccoo. 50000. 8.475E 05 8.475E C5 0.6317 C.6317 
THROAT 44924. 39221. 7.5816 05 7.505E C5 C .6535 0.6317 

l.OOOE-C 1 34891. 21051. 5.627E 05 6.020E C5 0.7233 0.6317 
l.OOOE-C2 26199. 8475. 3.827E 05 5.022E C5 0.@204 C.6317 
l.OOOE-C3 20349. 3532. 2.606E 05 4.614E C5 C.914E 0..6317 
l.OOOE-C4 14960. 1506. 1.758E 05 4.442E C5 0.591C 0.6317 
5. OOOE-C 5 12 f24. 1169. 1.565E 05 4.413E Cc 1.CO41 0.6317 
l.OOOE-C5 7072. 650. 1.269E 04 4.368E CE 1 .cosc C-6317 
5.000E-C6 5767. 505. 1.182E 05 4.355E C5 1 .C2CI 0.6317 
l.OOOE-C6 4786. 282. 1.024E 05 4.336E C5 1 .C82C 0.6317 
5.000E-C7 4548. 9.656E 04 l.llCi 
l.OOOE-07 4119. 8.447E 04 1.177i 

PRESSURE DENSITY-LB/FT3 
RATIC ECI IL. FROZEN 

CHAMBER 3.462E-03 3.462E-03 
THROAT 2.166E-03 2.205E-03 

1.OOOE-Cl 5.679E-04 8.222E-04 
l.OOOE-C2 t3.579E-05 2.042E-04 
l.OOOE-C3 1.237E-05 4.9ClE-05 
l.OOOE-C4 1.815E-06 1.149E-05 
5,00OE-C5 l.O73E-06 7.405E-06 
l.OOOE-C5 3.90SE-07 2.664E-06 
S.OOOE-C6 2.424E-07 1.7146-06 
l.OOOE-C6 6.19 3E-08 6.147E-07 
5.000E-67 3.346E-08 
l.OOOE-C7 7.834E-09 

PRE SSLPE NOZZLE AREA RATIO IDEAL I SP-SEC PAC I SP-SEC 
KATIC EOUIL. FROZEN ECIUIL. FROZEN ECLIL. FROZEN 

THROAT l.COCE 00 l.OOOE 00 2079.7 2166.E 3665.7 3542.4 
l.OOOE-Cl 2.137E 00 1.686E 00 3711.7 3445.7 4335.7 3909.9 
l.OOOE-C2 l.lORE 01 5.723E OC 4741.1 4086.9 5cc4.5 4244.5 
l.OOOE-C3 6.837E 01 2.256E 01 5327.5 4321.5 5527.2 4383.6 
L.OOOE-C4 4.355E 02 9.414E 01 5699.6 4416.7 5826.8 4442.6 
5.000E-C 5 7.266E 02 1.455E 02 5780.7 4432.5 5886.8 4452.6 
l.OOOE-C5 1.9526 03 4.023E 02 5903.6 4456.9 59 CO.6 4467.9 
5.000E-C6 3.13CE 03 6.244E 02 5938.7 4463.7 59E4.4 4472.3 
l.OOOE-C6 1.212E 04 1.737E 03 6002.8 4474.1 6038.2 4478.9 
5.000E-C7 2.234E 04 6026.4 6059.C 
l.OOOE-C7 9.467E 04 6074.7 61C2.3 

VELOCITY-FT/SEC 
EQUIL. FROZ Eh 

FACh NUMBER 
ECUIL. FROZEN 

66911. 69714. l.CCC 1 .occ 
119420. 110860. 2.189 2.112 
152540. 131492. 3.514 3.984 
171407. 139041. 4.799 6.599 
183380. 142102. 6.138 10.383 
185989. 142612. 6.445 11.842 
189942. 143395. 9.379 15.994 
191072. 143614. 10.673 18.177 
193134. 143951. 12.343 24.415 
193892. 12.917 
195447. 14.161 
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TABLE 141 

PERFCRCAhCE PARAMETERS FOR PYOROGEN AT A STAGNATICF; PRESSURE OF 
200. ATP AND A STAGNATICN TEMPERATURE OF 75COO. CEG R 

THROAT FLCW PARAMETERtEQUIL.) = 154.77 LB-SQRTICEC RI/SEC-FT2-ATM 
THROAT FLCW PtRAMETERfFROZENl = 158.50 LB-SORTiCEE RI/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREAtEQtJIL.) = 113.029 LB/SEC-FTi 
FAX WT FLCW PEP UNIT AREAfFROZENl = 115.751 LB/SEC-Ffi 

THROAT PRESSURE RATIO(EQUIL.) = 0.4S63 
THROAT PRESSURE RATIO(FRCZEN1 = 0.4519 

ENTROPY = 6.C83E 01 BTU/LB-DEG F 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLEClLAR WT. 
RATIO EOUIL. FROZEN EQUIL. FROZEh ECLIL. FROZEN 

CHAMBER 75coo. 75000. 1.3676 C6 1.367E C6 0.5192 0.5192 
THROAT 60246. 57116. 1.188E 06 1.188E cc 0.5295 0.5192 

l.OOOE-C 1 42789. 30496. 8.981E 05 9.292E 05 0.5741 0.5192 
1. OOOE-C 2 30504. 12152. 6.304E 05 7.534E 05 0.658: 0.5192 
l.OOOE-C3 23819. 4857. 4.543E C5 6.834E 05 0.7454 0.5192 
1 .OOOE-C4 19319. 1949. 3.295E 05 6.553E CC o.e31 c 0.5192 
5. OOOE-C 5 18209. 1481. 2.989E 05 6.508E 05 0.8568 0.5192 
l.OOOE-C5 15891. 784. 2.373E 05 6.440E C5 0.9135 0.5192 
5.000E-C6 14955. 596. 2.144E 05 6.422E 05 O.S367 0.5192 
l.OOOE-C6 12664. 315. 1.683.E 05 6.395E 05 0.985t 0.5192 
5.000E-C7 11352. 1.516E 05 l.COOF 
l.OOOE-C7 6540. 1.244E 05 1 .CO8C 

PRESSLRE OFNSI TY-LB/FT3 
RATIC EQUIL. FROZEN 

CHAMBER 1.897E-03 1.897E-03 
THROAT l.l96E-03 1.225E-03 

l.OOOE-C 1 3.723E-04 4.664E-04 
l.OOOE-C2 5.912E-05 l.l71E-04 
l.OOOE-C3 8.573E-06 2.929E-05 
l.OOOE-C4 l.l79E-06 7.299E-06 
5.000E-C5 6.446E-07 4.802E-06 
l.OOOE-C5 1.575E-07 1.815E-06 
S.OOOE-C 6 8.58rE-08 l.l94E-06 
l.OOOE-C6 2.131E-08 4. SlOE-07 
5.oOOE-C 7 1.207E-08 
l.OOOE-C7 4.223E-09 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC bAC ISP-SEC 
RATIC EQUIL. FROZEN EQUIL. FROZEh ECUIL. FRCZEh 

THHOAT l.COCE 00 l.OOOE 00 2937.1 2937.C 4755.4 4735.3 
l.OOOE-Cl 1.983E 00 1.677E 00 4759.6 4599.3 55Cl. 9 5212.4 
l.OOOE-C2 9.959E 00 5.644E OC 5966.7 5445.3 633S.6 5651.7 
l.OOOE-C3 6.169E 01 2.137E 01 6642.2 5748.1 6073.2 5826.2 
l.OOOE-C4 4.207E 02 8.405E 01 7081.9 5864. S 7239.4 5895.7 
S.OOOE-C 5 7.585E 02 1.274E 02 7185.6 5883.5 7327.6 5906.8 
l.OOOE-C5 3.018E 03 3.353E 02 7389.9 5911.2 75C2.9 5923.5 
S.OOOE-C6 5.48CiE 03 5.092E 02 7464.7 5918.7 7567.4 5928.0 
l.OOOE-C6 2.166E 04 1.345E 03 7612.5 5929.7 7653.6 5934.7 
5.000E-C7 3.79tE 04 7665.4 7736.4 
l.OOOE-G7 1.073E 05 7750.5 7790.7 

VELOCITY-FT/SEC 
EQUIL. FROZEh 

PACH NUCBER 
ECLIL. FROZEN 

94499. 94496. 1 .cco l-CCC 
153135. 147977. 2.138 2.124 
191973. 175198. 3.600 3.980 
213706. 184939. 4.553 6.657 
227853. 188698. 6.279 10.735 
231191. 189297. 6.660 12.355 
237763. 190188. 7.629 17.071 
240168. 190427. 8.050 19.604 
244924. 190783. 9.062 26.998 
246625. 9.487 
249365. 12.879 
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PERFCRCAhCE PARAMETERS FOR FYDROGEN AT A STAGNATICN PRESSUFE OF 
2co. ATr. AND A STAGNATICN TEMPERATLRE OF 1CCCOO. CEG R 

THROAT FLCk PARAMETER(EQUIL.1 = 157.16 LB-SQRT(CEE R)/SEC-FTZ-ATP 
THROAT FLCbi PARAMETERtFROZENl = 157.71 LB-SQRTtCEG R)/:EC-FT2-ATM 

FAX WT FLOW PER UNIT AREAtEQUIL.1 = 99.39e LB/SEC-FTi 
CAX kT FLOW PER UNIT AREAtFROZEN) = 59.745 LB/SEC-FT i 

THROAT PRESSURE PATIO(EQuIL.1 = 0.4SCC 
THROAT PRFSSURE PATIOtFROZEh) = 0.4897 

ENTROPY = 6.404E 01 BTU/LB-DEG A 

PRESSLAE TEMPERATURE-DEG R 
RATIC EQUIL. FROZEN 

CHAH8ER 1coooo. 100000. 
THREAT 76199. 75480. 

l.OOOE-Cl 47087. 40222. 
l.OOOE-C2 32150. 16027. 
l.OOOE-C3 24827. 6385. 
l.OOOE-C4 20 143. 2547. 
S.OuOE-C5 19021. 1932. 
l.oOOE-C5 16748. 1017. 
5.00OE-C6 15876. 772. 
l.OOOE-C6 13990. 406. 
5.000E-C7 13 192. 
l.OOOE-C7 10991. 

PRE SSUFE 
RATIC 

CHAMBER 
THRCIAT 

l.OOOE-C 1 
1 .OoOE-C2 
l.OOOF-C3 
l .OOOE-C4 
5.000E-C5 
l.OOOE-C5 
S.OOOE-C6 
1 .OOOF-C6 
5.000E-C7 
l.OOOE-C7 

PRESSURE 
RAT IC 

THROAT 
1. OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
S.OOOE-C5 
l.OOOE-C5 
S.OOOE-C6 
l.OOOE-C6 
5.000E-C7 
1 .OOOE-C7 

DENS1 TY- 
EQUIL. 

1.394E-03 
9.015E-04 
3.12 lE-04 
5.204E-05 
7.65OE-06 
l.O56E-06 
5.76qE-07 
l-4036-07 
7.60 ZE-08 
1.829E-08 
9.918E-09 
2.486E-09 

LB/FT3 
FROZEN 

1.394E-03 
9.042E-04 
3.465E-04 
8.696E-05 
2.183E-05 
5.471E-06 
3.606E-06 
1.370E-06 
9.031E-07 
3.430E-07 

NO?ZLE AREA RATIO 
EOU IL. FROZEN 

l.COCE 00 l.OOOE OC 
1.833E 00 1.674E 00 
8.932E 00 5.636E OC 
5.507E 01 2.127E 01 
3.761E 02 8.32OE 01 
6.791E 02 1.258E 02 
2.721E 03 3.296E 02 
4.974E 03 4.995E 02 
2.029E 04 1.313E 03 
3.716E 04 
1.462E 05 

ENlhALPY-BTU/LB 
EOUIL. FROZEFi 

1.644E 06 1.644E Ct 
1.402E 06 1.401E Ce 
1.041E 06 1.054E Cf 
7.310E 05 8.170E C5 
5.3256 05 7.228E C5 
3.929E 05 6.852E C5 
3.588E C5 6.792E C5 
2.898E C5 6.702E C5 
2.640E 05 6.678E C5 
2.114E 05 6.642E C5 
1.916E 05 
1.517E 05 

HCLECLLAR WT. 
ECLIL. FRCZEN 
0.5O@i C-5087 
0.5111 C-5087 
0.536’ C-5087 
C-6107 0.5ce7 
O-693? C.5087 
0.7764 0.5087 
0.8011 c.sce7 
o-e574 c.sce7 
o.ee1c 0.5087 
0.933e 0.5087 
0.955i 
o-c975 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

FACH NbMBER 
ECLIL. FROZEN 

110257. 110312. 1 .ccc l-CCC 
173804. 171993. 2.113 2.12e 
213841. 203531. 3.t97 3.984 
235940. 214806. 5.137 6.664 
250304. 219139. 6.513 lC.768 
253700. 219827. 6.925 12.404 
26041C. 220845. 7.886 17.177 
262882. 221118. 8.30t 19.746 
267846. 221523. 9.3c7 27.263 
269692. 9.757 
273365. 10.837 

IDEAL ISP-SEC 
EQUIL. FROZEh: 
3426.9 3428-t 
5402.0 5345.7 
6646.4 6325-S 
7333.3 6676.4 
7779.7 6811.1 
7885.2 6832.4 
8093.8 6864.1 
8170.6 6872-t 
8324.9 6885.2 
8382.3 
8496.5 

VAC ISP-SEC 
ECLIL. FRGZ’Eh 

55 15.7 5506.3 
61e2.3 6055.8 
7c2t.7 t565.0 
75t7.7 67t6.7 
7939.8 6846.4 
8029.8 6859.1 
82CS.7 6878.1 
8276.5 6883.2 
8411.3 6e9C.7 
84t1.4 
855f.7 
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PERFCRRANCE PARAMETERS FOR FYDROGEN AT A STAGNATICk PRESSUFE OF 
2C0. ATC AND A STAGNAT1CN TEMPERATURE OF 15CCOO. CEG P 

THRUAT FLCW PARAMETERtEQUIL.1 = 157.63 LB-SQRTLCEG R)/SEC-FTZ-ATC 
THROAT FLCW PARAMETERLFROZENI = 157.64 LB-SQRTLCEG R1/‘EC-FTZ-ATR 

CAX WT FLOW PER UNIT AREAIEaUIL.1 = 81.402 LB/SEC-FTi 
PAX kT FLCW PER UNIT AREA(FROZEN1 = 81.403 LB/SEC-FTi 

THROAT PRESSURE PATIOLEUUIL.1 = 0.4e75 
THROAT PRESSURE RATIO(FROZEN1 = 0.4@79 

ENTROPY = 6.ellE 01 BTU/LB-DEG R 

PRESSLPE TEMPERATURE-DEG R ENTHALPY-BTU/LB HCLECCLAR NT. 
RATIC EaUIL. FROZEN EQUIL. FROZEh ECLIL. FROZEN 

CHAPBE R 15ocoo. 150000. 2.146E 06 2.146E CC 0.5C56 C.5C56 
THROAT 112675. 112668. 1.778E 06 1.778E CC 0.5csc 0.5C56 

l.OOOE-Cl 60993. 59956. 1.256E 06 1.257E C6 0.5092 0.5056 
l.OOOE-C2 34833. 24037. 8.670E 05 9.017E Cf 0.5593 0.5C56 
l.OOOE-C3 26107. 9655. 6.361E 05 7.590E CC 0,635 1 C-5056 
l.OOOE-04 21051. 3881. 4.768E 05 7.017E C5 0.7137 0.5056 
S.OOOE-C5 19880. 2950. 4.380E 05 6.924E C5 c .737? 0.5C56 
l.OOOE-C5 17560. 1561. 3.597E 05 6.786E C5 0.791c 0.5056 
5.000E-C6 16694. 1186. 3.304E 05 6.749E C5 0.8147 0.5056 
l.OOOE-C6 14903. 628. 2.703E 05 6.693E C5 0.8674 0.5C.56 
5.000E-07 14203. 477. 2.475E C5 6,679E C5 0.8895 0.5056 
1.000E-c7 12662. 2.005E 05 0.939c 

PRESSURE DENSITY 
RATIC EQUIL. 

CHAMBER 9.234E-04 
THROAT 5.997E-04 

l.OOOE-Cl 2.287E-04 
l.OOOE-C2 4.3996-05 
l.OOOE-C3 6.665E-06 
1 .OOOE-C4 9.28 BE-07 
5.000E-C5 5.C80E-07 
l.OOOE-C5 1.235E-07 
5.000E-C6 6.685E-08 
l.OOOE-C6 1.594E-08 
5.000E-07 8.57CE-09 
l.OOOE-C7 2.032E-09 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC bAC ISP-SEC 
RATIG EQUIL. FROZEN EQUIL. FRDZEK ECLIL. FROZEN 

THROAT l.OOCE 00 l.OOOE 00 4218.5 4218.6 6754.9 6754.9 
l.OOOE-Cl 1.687E 00 1.67lE 00 6558.3 6554.8 7435.1 7423.4 
l.OOOE-C2 7.313E 00 5.66lE 00 7864.0 7756.4 8244.2 805C. 7 
l.OOOE-C3 4.4436 01 2.154E 01 8544.4 8189.2 8775.4 8301.1 
1 .OOOF-c4 3.032E 02 8.483E 01 8983.9 8356.e 9141.5 e4oc.9 
5.000E-C5 5.48CE 02 1.286E 02 9087.8 8383.5 92zc.3 8416.9 
1. OOOE-C 5 2.204E 03 3.385E 02 9293.6 8423.2 94Ce.2 8440.8 
5. OOOE-C 6 4.039E 03 5.139E 02 9369.7 8433.5 9474.7 8447.2 
l.OOOF-C6 1.666E 04 1.357E 03 9523.4 8449-e 961C.0 R456.8 
5.000E-07 3.078E 04 2.062E 03 9581.2 8454.1 96C1.2 e459.4 
l.OOOE-C7 1.284E 05 9699.0 9765.8 

-LB/FT3 
FROZEN 

9.234E-04 
5.997E-04 
2.3lOE-04 
5.762E-05 
1.435E-05 
3.569E-06 
2.347E-06 
8.875E-07 
5.8376-07 
2.206E-07 
1.451E-07 

VELOC I TY-FT/SEC 
EQUIL. FROZEk 

135728. 135729. 
211007. 210895. 
253015. 249555. 
274908. 263479. 
289047. 268870. 
292392. 269730. 
299014. 271008 l 

301462. 271351. 
306406. 271863. 
308265. 272001. 
312057. 

FACH NUP(BER 
ECLIL. FROZEN 

l-CC0 1.000 
2.128 2.132 
3.838 3.98e 
5.521 6.646 
7 .C24 10.69s 
7.465 12,311 
8.483 17.OC6 
8 -923 19.530 
9.S52 26.901 

10.402 30.86s 
11.481 
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PERFCRHANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSUPE OF 
200. ATC AND A STAGNATICN TEMPERATURE OF ZCCCOO. CEG R 

THROAT.FLCW PARAMETER(EOU1L.J = 157.59 LB-SQRT(CEG RI/SEC-FTZ-ATC 
THROAT FLCW PLRAMETERIFROZEN) * 157.59 LB-SQRT(CEG RI /$EC-FT2-ATC 

PAX WT FLCW PER UNIT AREL(EQUIL.1 = 70.477 LB/SEC-FTE 
FAX WT FLGW PER UNIT AREL( FROZEN) = 70.47e LB/SEC-FTi 

THROAT PRESSURE RATIO( EQUlL .I = 0.4875 
THROAT PRESSURE RATIO(FROfENt = 0.4875 

ENTROPY = 7.C96E 01 BTU/L@-OEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECLLAR WT. 
RATIC EaLIL. FROZEN EQUIL. FROZEN ECLtL. FRCZEN 

CHAMBER 2oocoo. 200000. 2.640E 06 2.640E 06 0.5045 0.5049 
THROAT 150068. 150106. 2,149E 06 2.149E C6 0.504c 0.5049 

l.OOOE-C 1 79851. 79762. 1.455E 06 1.455E C6 0.505: 0.5049 
1 .OOOE-C2 37797. 31866. 9.703E 05 9.819E C5 0.5296 c-5049 
l.OOOE-C3 27095. 12747. 7.117E 05 7.928E CC 0.5s9i c.5049 
l.OOOE-C4 21652. 5102. 5.376E 05 7.172E C5 C-6744 0.5049 
S.OOOE-C5 20428. 3873. 4.953E 05 7.050E C5 0.6971 0.5049 
l.OOOE-c5 18038. 2043. 4.104E 05 6.869E CE 0.7493 0. SC49 
S.OOOE-C6 17 157. 1551. 3.785E 05 6.820E C5 0.7722 0.5049 
l.OOOE-C6 15365. 818. 3.134E 05 6.747E C5 0.823i 0.5049 
S.OOOE-C7 14677. 621. 2.886E 05 t.728E CS o.e45: 0.5c49 
1 .OOOE-C7 13219. 328. 2.374E 05 6.699E C5 o.e95; c. 5c49 

PRESSURE DENSITY-LB/FT3 
RATIC EQUIL. FROZEN 

CHAMBE P 6.916E-04 6.916E-04 
THROAT 4.49 2E-04 4.492E-04 

1.OOOE-c 1 1.733E-04 1.734E-04 
l.OOOE-C2 3.839E-05 4.341E-05 
l.OOOE-03 6.05$E-06 1.085E-05 
l.OOOE-04 8.533E-07 2.711E-06 
S.OOOE-C5 4.675E-07 1.786E-06 
l.OOOE-C5 l.l39E-07 6.771E-07 
5. OOOE-C 6 6.165E-08 4.460E-07 
l.OOOE-C6 1.469E-08 l-6916-07 
5.000E-C7 7,89lE-09 l.l14E-07 
l.OOOE-07 1.85SE-09 4.223E-08 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC WAC ISP-SEC 
RATIC EaUI L. FROZEN EQUIL. FROZEN EClJIt. FROZEN 

THROAT l.COCE 00 l.oOOE 00 4876.3 4876-C 78C3.4 7803.4 
l.OOoE-C 1 1.669E 00 1.668E 00 7570.9 7570.5 8573.3 e572.7 
l.OOOE-C2 6.349E 00 5.635E 00 8986.5 8955.1 9367.7 9293.5 
l.OOOE-C3 3.744E 01 2.136E 01 9657.1 9451.9 9ee1.9 9580.1 
l.OOOE-G4 2.546E 02 8.379E 01 10083.8 9643.5 10236.7 9693.8 
S.OOOE-C5 4.601E 02 1.268E 02 10184.6 9674. C 10322.7 9712-C 
l.OOOE-C5 1.853E 03 3.329E 02 10384.3 9719.2 104s5.5 9739.2 
S.OOOE-C6 3.39PE 03 5.048E 02 10458.2 9731.3 105tC.2 9746.4 
l.OOOE-C6 1.40tE 04 1.329E 03 10607.7 9749.3 10652.1 9757.3 
S.OOOE-07 2.603E 04 2.017E 03 10664-C 9754.1 10742.2 9760.2 
l.OOOE-07 1.095E 05 5.314E 03 10779.6 9761.3 10845.4 9764.5 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

PACH NUMBER 
ECCIL. FROZEN 

156889. 156879. l.CCO l.OOC 
243587. 243585. 2.131 2.131 
289130. 288121. 3.886 3.99c 
310707. 304105. 5.059 6.661 
324436. 310270. 7.524 10.744 
327679. 311250. 7 -998 12.370 
334103. 312704. 9.085 17.113 
336481. 313094. 9.550 19.665 
341291. 313674. 10.632 27.128 
343104. 313829. 11.102 31.151 
346822. 314061. 12.209 42.923 
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PERFCRCANCE PARAMETERS FOR I’YCROGEN AT A STAGNAlICN PRESSURE OF 
5co. ATM AN0 A STAGNATICN TEMPERATURE OF scco. CEG F 

THROAl FLCW PARAMETERCEQUIL.1 = 288.29 LB-SQRT(CEC R)/SEC-FTZ-ATM 
THROAT FLCk PARAMETER(FROZEN1 = 289.24 LB-sQRr(CEC RI/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREA(EaUIL.l = 2038.507 LB/SEC-FTE 
MAX kT FLOW PER UNIT AREP(FROZEN1 = 2045.21C LB/SEC-FTP 

THROAT PRESSURE RATIO(EaUIL.l = 0.54t2 
THROAT PRESSURE RATIO(FROZEh1 = 0.5447 

ENTROPY = 1.761E 01 BTU/Lo-OEG A 

PRESSUP E TEMPERATURE-DEG R 
RATIC EQUIL. FROZEN 

CHAMBER scoo. 5000. 
THROAT 4373. 4346. 

l.OOOE-Cl 2905. 2876. 
l.OOOE-C2 1567. 1538. 
1.000E-C3 818. 755. 
l.OOOE-C4 422. 343. 

ENTHALPY-BTU/LB MCLECLLAR WT. 
EQUIL. FROZEN ECLIL. FROZEN 

1.916E 04 1.916E 04 Z.GlZC 2.C126 
1.637E 04 1.636E C4 2.0145 2.0 126 
1.034E 04 1.039E 04 2.C16C 2.0126 
5.393E 03 5.492E 03 2.C16C 2.0126 
2.776E C3 2.971E C3 2.016C 2.0126 
1.417E 03 1.777E C3 2.016C 2.0126 

PRESSURE 
RAT IO 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 

DENSITY-LB/FT3 VELOC ITY-FT/SEC MACH NUMBER 
EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

2.757E-01 2.757E-01 
1.724E-01 1.728E-01 11827. 11838. l-CC0 l.OCO 
4.754E-02 4.794E-02 21017. 20960. 2.146 2.147 
8.812E-03 8.961E-03 26253. 26158. 3 -586 3.575 
1.689E-03 1.825E-03 28640. 28468. 5.394 5.4C6 
3.272E-04 4.016E-04 29804. 29500. 7.784 8.13C 

PRE SSLRE NOZZLE AREA RATIO IDEAL ISP-SEC LAC ISP-SEC 
RATIC EQUI L. FROZEN EQUIL. FROZEN ECCIL. FROZEN 

THROAT l.OOOE 00 l.OOOE 00 367.6 367.5 651.1 649.7 
l.OOOE-Cl 2.04CE 00 2.036E 00 653.2 651.4 755.1 756.7 
l.OOOE-C2 8.812E 00 8.725E 00 816.0 -. 813-C 8C 1.7 858.2 
l.OOOE-C3 4.214E 01 3.937E 01 890.1 884-e 912.0 905.2 
l.OOOE-C4 2.090E 02 1.727E 02 926.3 916.9 937.2 925.8 
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PERFCRCPKCE PARAMETERS FOR t-VCROGEN AT A STAGNATICN PRESSURE CF 
500. ATP AND b STAGNATICN TEMPERATURE OF tccc. CEG Q 

THROAT FLCw PbRACETER (ECU IL. 1 = 284.45 I.8-SQKT~CEE RI/SEC-FTZ-ATM 
THROAT FLCk PbRAMETER(FHOZEY1 = 287.37 LB-SQRT(CEG RI/SEC-FTZ-ATC 

FAX HT FLCW PER UNIT AREIIEQUIL.) = 1836.126 LB/SEC-FTi 
CAX WT FLOW PER UNIT AREblFROZEN) = 1854.985 LB/SEC-FTI 

THROAT PRESSURE HATIO(EQUIL.) = 0.552E 
THROAT PRESSURE RATI~(FROZEN) = 0.54te 

ENTROPV = l.E54E 01 BTu/LB-DEG R 

PRE SSliGE TECPERATURE-DEG R 
RITIC ECU1 L. FROZEN 

CHACBER 6COO. 6000. 
THREAT 5349. 5240. 

l.OOOE-Cl 3665. 3510. 
l.OOcJE-C2 2032. 1924. 
l.OOOE-C3 lC69. 970. 
1 .O@OE-C4 554. 451. 
4.0OOE-C5 425. 

PRkSSuPE OENSITV- 
RATIC EQUIL. 

CHAMBER 2.28 IE-01 
THROAT 1.421E-01 

l.OOOE-C 1 3.76 7E-02 
l.OOOE-C2 6.795E-03 
1. OOOE-C 3 1.292E-03 
l.OOOE-C4 2.492E-04 
4.00OE-C5 1.299E-04 

LB/FT3 
FROZEN 

2.281E-01 
1.428E-01 
3. B99E-02 
7.114E-03 
1.410E-03 
3.036E-04 

PRLSSIJPE 
RATIC 

THROAT 
l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
4. OOOE-C 5 

NOZZLE AREA RATIO 
EQLIL. FROZEN 

l.OCOE 00 L.OOOE OC 
2.087E 00 2.057E OC 
S.204E 00 9.C02E 00 
4.423E 01 4.159E 01 
2.200E 02 1.861E 02 
4.18CE 02 

EYTFALPY-BTU/LB 
EOUIL. FROZEh 

2.428E 04 2.428E C4 
2.094E 04 2.091E C4 
1.338E 04 1.359E C4 
7.058E 03 7.516E C3 
3.648E C3 4.303F c3 
l.R68E 03 2.741E C? 
1.428E C3 

VELOCITV-FT/SEC 
EQUIL. FROZEh 

12922. 12988. 1 .COG l-CCC 
23354. 23125. 2.142 2.15C 
29359. 28966. 3.54c 3.557 
32135. 31621. 5.259 5.322 
33493. 32834. 7.647 7.$15 
33820. 8.7S9 

IDEAL I SP-SEC WAC ISP-SEC 
EUUIL. FROZEh ECLIL. FRCZEN 

401.6 403.7 72C. 1 715.5 
725.9 718.7 846.1 e3c.1 
912.5 900.3 9c5.t 951.6 
998.8 982.8 1024.3 lCC6.5 

1041.0 lC20.5 1053.7 1031.1 
1051.2 lCtC.8 

PCLECLLAR WT. 
ECLIL. FROZEF; 
1.9983 i.sse3 
Z-CC73 1.9983 
2.C15i 1.99@3 
2.C16C 1.9983 
2.016C 1..9983 
2.OlCC 1.998 3 
2.C16C 

FACW NLPBER 
EELIL. FRCZEN 
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TABLE 147 

PERFCRCANCE FARAMETERS FOR PYDROGEN AT A STAGNATICN PRESSURE OF 
5co. ATP AND A STAGNATICN TEMPERATURE OF 7cco. CEG F 

THROAT FLCW PARAWETERTEQUIL.) = 279.13 LB-SQRTTCEG RI/SEC-FT2-ATC 
THROAT FLCW PPRAMETER(FROZEN1 = 284.26 LB-SQRTtCEE R)/SEC-FTZ-ATM 

PAX WT FLCW PER UNIT AREA(EQUIL.1 = 1668.109 LB/SEC-FTZ 
FAX WT FLOW PER UNIT AREATFROZEN) = 1698.774 LB/SEC-FT2 

THROAT PRESSURE RATIOTEQUIL.) = 0.5597 
THROAT PRESSURE RATIOLFROZEN) = 0.5475 

ENTROPY = 1.955E 01 BTU/LB-OEG R 

PRE SSUP E TEMPERATURE-DEG R ENTHALPY-BTU/LB RCLECLLAR WT. 
RATIC EQLIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER 7coo. 7000. 3.082E 04 3.0826 C4 1.959c 1.9590 
THROAT 6363. 6123. 2.691E 04 2.682E C4 1.9784 1.9590 

l.OOOE-C 1 4608. 4121. 1.753E 04 1.808E 04 2.C114 1.9590 
l.OGOE-C2 2663. 2286. 9.407E 03 1.076E 04 Z.Cl6C 1.9590 
l.OOOE-C3 1425. 1171. 4.894E C3 6.843E 03 2.016C 1.9590 
l.OOOE-C4 742. 552. 2.515E 03 4.908E C3 2.016C 1.9590 
4. OOOE-C 5 571. 401. 1.926E 03 4.469E C3 2 .C16C 1.9590 
1. OOOE-C 5 382. 1.2836 03 2.C16C 

PRESSURE DENSITY-LB/FT3 
RATIC EQUIL. FROZEN 

CHAMBER 1.917E-01 1.917E-01 
THROAT l.l92E-01 1.200E-01 

l.OOOE-C 1 2.9896-02 3.256E-02 
l.OOOE-C2 5.184E-03 5.870E-03 
l.OOOE-C3 9.689E-04 l.l46E-03 
l.OOOE-C4 1.86CE-04 2.431E-04 
4.000E-C5 9.674E-05 1.338E-04 
l.OOOE-C5 3.61 IE-05 

PRt SSLRE NOZZLE AREA RATIO IDEAL 
RATIO EQUIL. FROZEN EQUIL. 

THROAT l.COCE DO l.DOOE DO 434.9 
l.OOOE-C 1 2.163E 00 2.066E OC 801.7 
l.OOOE-C2 9.827E 00 9.132E 00 1017.7 
l.OOOE-C3 4.779E 01 4.280E 01 1119.8 
l.OOOE-C4 2.382E 02 1.940E 02 1170.0 
4. OOOE-C 5 4.534E 02 3.495E 02 1182.2 
l.OOOE-C5 1.2OlE 03 1195.2 

;;EL;; ITY-FT/SEC 
. FROZEh 

13994. 14159. l.COO 
25793. 25259. 2.141 
32743. 31689. 3.480 
36029. 34648. 5.155 
37645. 36019. 7.438 
38035. 36323. 8.556 
38456. 10.543 

ISP-SEC 
FROZEh 

440.1 
785.1 
984. S 

1076.9 
1119.5 
1129.C 

CPCb NUM8ER 
ECLIL . FRCZEN 

l.CCC 
2.151 
3.55c 
5.282 
7.801 
9.153 

LAC ISP-SEC 
ECLIL. FROZEN 
7ES.9 781.0 
93e.9 913.7 

1ceo.o 1041.8 
115C.l 1103.5 
llE5.1 1131.6 
1153.7 1137.7 
12C2.9 
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TABLE 148 

PEKFCRCANCE PARAMETERS FOR FYDRDGEN AT A STAGNATICN PRESSURE CF 
5co. ATY AND A STAGNATICN TEMPERATURE OF acct. CEG P 

THROAT FLCk PPRAMETERLECUIL. 1 = 272.44 LB-SQRTtCEC RI/SEC-FTZ-ATP 
THROAT FLCk PPRAMETERTFRCZEN) = 279.03 LB-SQRTLCEC RI/SEC-FT2-ATM 

PAX kT FLCW PER UNIT AREP(EQUIL.) = 1523.006 LB/SEC-FT2 
CAX WT FLCW PER UNIT AREALFROZEN) = 1559.84C LB/SEC-FTi 

THROAT PRESSURE RATIO(EQUIL.) = 0.5e35 
THROAT PRESSURE RATIOtFROZEN) = 0.5465 

ENTROPY = 2.C73E 01 BTU/LB-DEG A 

PRESSCRE TEMPERATURE-DEG R 
RATIC EQUIL. FROZEN 

CHAMBER 8CO0. 8000. 
THROAT 7359. 698 1. 

l.OOOE-C 1 5665. 4678. 
l.OOOE-C2 3581. 2586. 
l.OOOF-c3 1583. 1325. 
l.OOOE-C4 1042. 625. 
4.000E-C5 803. 455. 
l.OOCE-C5 540. 
4.000E-C6 414. 

PRL SSLPE 
RATIC 

CHAMBER 
THROAT 

1.ooot-c 1 
l.OOOE-C2 
l.OOOE-C3 
L.OooE-C4 
4.000E-C5 
l.OOOE-C5 
4.000E-C6 

DENSITY-LB/FT3 
EQUI L. FROZEN 

1.612E-01 1.612E-01 
l.O02E-01 l.O09E-01 
2.397E-02 2.756E-02 
3.85?E-03 4.986E-03 
6.963E-04 9.73oE-04 
1.325E-04 2.062E-04 
b.B78E-05 1.135E-04 
2.557E-05 
1.333E-05 

PRt SSLPE NOZZLE AREA RATIO 
RATIC Eat-IL. FROZEN 

THROAT l.COCE 00 l.OOOE 00 
l.OOOE-C 1 2.241E 00 2.058E OC 
l.OOOE-C2 1.083E 01 9.075E OC 
l.OOOE-C.3 5.400E 01 4.256E 01 
l.OOOE-C4 2.703E 02 1.932E 02 
4.000E-C 5 5.15CE 02 3.481E 02 
l.OOOE-C5 1.368E 03 
4.000E-C6 2.610E 03 

ENTHALPY- 
EQUIL. 

3.966E 04 
3.504E 04 
2.359E 04 
1.306E 04 
6.880E c3 
3.554E 03 
2.726~ 03 
1.819E 03 
1.391E 03 

BTU/LB 
FROZ Eh 

3.966E 04 
3.488E C4 
2.454E C4 
1.592E 04 
1.130E 04 
9.024E 03 
8.506E C1, 

MCLEClLAR kT. 
ECkIL. FRCZEK 
l-e823 1.8823 
1.911 I 1.8823 
1.9821 1.8923 
2.C15? 1.8823 
2.CL6C 1.8823 
2.C16C 1.8823 
2.C16C 1.8823 
2.C16C 
2.C16C 

VELOCITY-FT/SEC f’ACl’ NUMBER 
EQUIL. FROZEh ECLIL. FRCZEN 

15196. 15456. 1 .ccc l.OCC 
28359. 27503. 2.156 2.151 
36489. 34471. 3.39c 3.557 
40506. 37673. 4.941 5.295 
42511. 39159. 7 .c99 7.813 
42997. 39488. 8.170 9.165 
43521. lC.C64 
43767. 11.534 

IDEAL ISP-SEC 
EQUIL. FROZEh 

472.3 480.4 
881.4 854.8 

1134.1 1071.4 
1259-C 1170.9 
1321.3 1217.1 
1336.4 1227.3 
1352.7 
1360.3 

vAC 1 SP-SEC 
ECLIL. FROZEN 
8t3.7 851.1 

lC37.1 994.4 
12C9.3 1132.9 
1256.5 1199.0 
134C.l 123C.2 
135c.7 123tz.8 
13C2.2 
13C7.6 
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TABLE 149 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE CF 
5C0. ATM AND A STAGNATICN TEMPERATURE OF 9coo. CEG P 

THROAT FLCW PARAMETER(EQUIL.1 = 263.97 LB-SQRTICEG RI/SEC-FTZ-ATM 
THROAT FLCW PARAMETERIFROZENI = 271.43 LB-SQRTICEG Rl /SEC-FTZ-ATM 

I’AX WT FLOW PER UNIT AREA(EQU1L.l = 1391.231 LB/SEC-FT; 
)rAX WT FLOW PER UNIT AREAIFROZEN) = 1430.586 LB/SEC-FTi 

THROAT PRESSURE RATIOIEQUIL. l = 0.5639 
THROAT PRESSURE RATIOIFROZEN) = 0.5435 

ENTROPY = 2.illE 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R 
RATIC EQUI L. FROZEN 

CHAMBER 9coo. 9000. 
THROAT 8314. 7799. 

l.OOOE-Cl 6613. 5147. 
l.OOOE-C2 4743. 2787. 
l.OOOE-C3 2872. 1403. 
l.OOOE-C4 1548. 653. 
4.000E-C5 1197. 473. 
l.OOOE-C5 808. 
4.000E-C6 622. 
l.OOOE-C6 417. 

PRE SSUR E DENSITY-LB/FT3 
RATIC EQUIL. FROZEN 

CHAMBER 1.344E-01 1.344E-01 
THROAT 8.367E-02 8.429E-02 

l.OOOE-Cl 1.969E-02 2.350E-02 
l.OOOF-c2 2.883E-03 4.340E-03 
l.OOOE-C3 4.80 7E-04 8.619E-04 
l.OOOE-C4 8.919E-05 1.852E-04 
4.000E-C5 4.615E-05 l.O24E-04 
l.OOOE-C5 1.710E-05 
4.000E-C6 8.886E-06 
LnOOOE-C6 3.314E-06 

PRESSURE 
RATIO 

THROAT 
l.OOOE-Cl 
1. OOOE-C 2 
l.OOOE-C3 
L.OOOE-C4 
4.000E-C5 
l.OOOE-C5 
4.000E-C6 
1 .OOOE-C6 

NOZZLE AREA RATIO 
EQU IL. FROZEN 

l.oOOE 00 l.OOOE 00 
2.272E 00 2.032E 00 
1.194E 01 8.81lE oc 
6.369E 01 4.070E 01 
3.246E 02 1.825E 02 
6.191E 02 3.275E 02 
1.648E 03 
3.150E 03 
8.387E 03 

ENTHALPY-BTU/LB MCLEClLAR kT. 
EQUIL. FROZEN ECL IL. FROZEN 

5.145E 04 5.1456 04 1.765F 1.7658 
4.593E 04 4.570E C4 i.ecl i 1.7658 
3.213E 04 3.351E C4 1.9012 1.7658 
1.885E 04 2.349E 04 1.9964 1.7658 
1.021E 04 1.823E 04 2.C152 1.7658 
5.327E 03 1.568E C4 2.CL6C 1.7658 
4.094E 03 1.510E C4 2.0160 1.7658 
2.74lE 03 2.C16 f 
2.099E 03 2.C16 ( 
1.399E 03 2.C16C 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

16628. 16973. 
31099. 29968. 
40403. 37413. 
45437. 40781. 
48053. 42321. 
48692. 42660. 
49382. 
49706. 
50058. 

IDEAL 
EOUIL. 

516.8 
966.6 

1255.8 
1412.2 
1493.5 
1513.4 
1534.8 
1544.9 
1555.8 

ISP-SEC 
FROZEN 

527.5 
931.4 

1162-e 
1267.5 
1315.4 
1325.4 

PACH NUM8ER 
ECLIL. FROZEN 

1 .ccc l.OOC 
2.168 2.151 
3.359 3.581 
4.t65 5.367 
6.6C2 7.972 
7 -592 9.372 
9.357 

10.722 
13.154 

VAC ISP-SEC 
ECUIL. FROZEN 
945.6 929.5 

1139.4 1081.7 
1346.6 1228.0 
1460.7 1297.6 
1518.2 1328.9 
1532.2 1335.6 
1547.4 
1554.5 
1562.2 

156 



lA@LE 150 

PERFCRMAYCE PARAMETERS FOR FYDRCGEN AT A STAGXATICN PRESSURE CF 
5co. ATI’ AND A STAGNATICN TEMPERATURE OF lCCO0. CEG R 

THROAT FLCW PARAMETER(ECUIL.1 = 253.90 LB-SURTfCEG RI/SEC-FTZ-ATM 
THROAT FLCk PARACETERIFROZENI = 262.11 LB-SQRT(CEG RI/SEC-FTZ-ATrJ 

PAX WT FLCW PER UNIT AREI(EQUIL.1 = 1269.495 LB/SEC-FTi 
FAX hT FLCW PER UNIT AREPIFRDZEN) = 1310.56C LB/SEC-FTi 

THROAT PRESSURE RATIO(EQUIL.1 = 0.5621 
THROAT PRESSURE RATIflIFROZEhl = 0.5384 

ENTROPY = 2.368E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-CEG R 
RATIC EUUI L. FROZEN 

CHAMBER 1ocoo. 10000. 
THROAT 9224. 8560. 

l.OOOE-Cl 7406. 5507. 
l.OOOE-C2 5653. 2874. 
l.OOOE-C3 4C88. 1400. 
l.OOOE-C4 2390. 634. 
4.000E-C5 1867. 455. 
l.OOOE-C5 1269. 
4.000E-C6 979. 
l.OOOE-C6 659. 
4. OOOF-C 7 507. 
l.OOOE-C7 339. 

PRE SSLPE 
RATIO 

CHAMBER 
THROAT 

l.OOOE-C 1 
l.OOOE-C2 
1 .OOOE-C3 
l.OOOE-c4 
4.000E-C5 
l.OOOE-C5 
4.000E-C6 
l.OOOE-C6 
4. OOOE-C 7 
l.OOOE-C7 

PRE SSLRE 
RATIC 

THROAT 
l.OOOE-Cl 
l.OOOE-C2 
1.OOOE-C3 
l.OOOE-C4 
4.000E-C 5 
1.000E-C 5 
4.000E-C6 
l.OOOE-C6 
4.000E-C7 
l.OOOE-C7 

DENS1 TY-LB/FT3 
EQUIL. FRCZEN 

l.lllE-01 l.lllE-01 
6.932E-02 6.988E-02 
1.64 -rE-02 2.017E-02 
2.32CE-03 3.866E-03 
3.358E-04 7.937E-04 
5.777E-05 1.752E-04 
2.958E-05 9.763E-05 
1.088E-05 
5.642E-06 
2.094E-06 
1,09CE-06 
4.075E-07 

NOZZLE AREA RATIO 
EQLIL. FRCZ EN 

l.OOOE 00 l.OOOE 00 
2.267E 00 1.988E 00 
1.234E 01 8.365E 00 
7.504E 01 3.755E 01 
4.078E 02 1.644E 02 
7.837E 02 2.928E 02 
2.093E 03 
4.005E 03 
1.070E 04 
2.047E 04 
5.45lE 04 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

6.638E 04 6.638E C4 
5.968E 04 5.936E 04 
4.317E 04 4.505E C4 
2.707E 04 3.357E C4 
1.568E 04 2.775E 04 
8.378E 03 2.501E C4 
6.463E 03 2.440E 04 
4.345E 03 
3.335E 03 
2.230E 03 
1.706E 03 
1.136E 03 

MCLEClLAR WT. 
ECLIL. FROZEN 
1.622C 1.622C 
1.661c 1.622C 
1.7764 1.6220 
1.9145 1.6220 
2 .CC4? 1.622C 
2.CLbC 1.622C 
2.016C 1.6220 
2.Cl6C 
2.C16C 
2.016C 
2.C16C 
2.C16C 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

I’ACH NUMBER 
ECLIL. FROZEN 

18313. 18T55. 1 .ccc l.OGC 
34090. 32680. 2.175 2.149 
44364. 40529. 3.382 3.622 
50379. 43975. 4.5co 5.5cc 
53886. 45510. 6 .C22 8.274 
54768. 45842. 6.875 9.772 
55728. 8.443 
56180. 9.c77 
56670. 11.@72 
56901. 13.576 
57151. 16.630 

IDEAL ISP-SEC \rAC I SP-SEC 
EPUIL. FROZEN ECLIL. FROZEN 

569.2 582.9 1037.6 lCl7.6 
1059.6 1015.7 1248.5 1176.2 
1378.9 1259.7 14B1.7 1327.2 
1565.8 1366.8 1628.4 1397.1 
1674.8 1414.5 17CE.8 1427.8 
1702.3 1424.8 172e.4 1434.3 
1732.1 174s.5 
1746.1 1759.5 
1761.4 177c.3 
1768.5 1775.4 
1776.3 LIEC.9 
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TA3LE 151 

PEKFORMANCE IJAKAMETERS FIR HYDRLIGEN AT A STAGNATION PKESSUKE OF 
500. ATM AND A STAGN4TInN TEMPERATURE OF 12OGO. DES 9 

THROAT FLOW PARAMETEKf EOUIL. 1 = 232. 78 LB-Sot? TI DEG R) /SEC-FT?-ATM 
THKCJAT FLOW PARAMETEKI FROZEN) = 234.23 LB-S(JtiT( 3EG R) /SEC-FTZ-ATY 

MAX lrJT FLOW PER UNIT AKEA(EOUIL.1 = 1062.497 LB/SEC-FT2 
YAX WT FLObv PER UNIT AKEA(FRQZEN) = 1069.105 LY/SFC-FT2 

THKOAT PRESSURE RATIfl(EOUIL.) = 0.5545 
THROAT PRESSURE RATIO(FR3ZEN) = 0.50@4 

ENTROPY = 2.710E 01 BTU/LB-OEG R 

PKESSURE 
KATIO 

CHAMBER 
THKUAT 

l.OOOE-01 
L.OOOE-02 
l.OOOE-03 
l.OOOE-04 
4. BOC’E-05 
1 .OOGE-05 
4.000E-06 
l.OO@E-06 
4.000E-07 
l.OCiOE-U7 

PRESSURE 
RATIO 

C HAMREK 
THROAT 

l.OOOE-01 
l.OOOE-02 
l.OOGE-03 
1* OOOE-Q4 
4.000E-05 
1 .OOOE-05 
4.00GE-06 
l.OOcJE-06 
4. @OOE-07 
l.uOCE-07 

I’RESSUKE 
ttATIO 

THROAT 
l.OOOE-01 
X.OOOE-Q32 
1. COOE-03 
l.OGOE-04 
4.000E-05 
l.OOOE-05 
4.00GE-06 
l.OOOE-06 
4.000E-07 
L.OOOE-07 

TEMPERATURE-DEG R 
EQUIL. FROZEN 
12000. 12000. 
10900. 9736. 

8706. 5891. 
6755. 2761. 
5435. 1225. 
4381. 521. 
3YbO. 367. 
3171. 
25’+8. 
1755. 
1359. 

916. 

DENSITY-LB/FT3 
EOUIL. FKOZEN 

7.557F-02 7.557E-02 
4.75bE-02 4.661E-02 
L.l74E-02 1.539E-02 
1.677E-03 3.2R4E-03 
2.275E-04 7,3R6E-04 
3.02bf-05 1.741E-04 
1.368E-G5 9. BY2E-05 
4.346E-06 
2.168E-06 
7.8bbE-07 
4.063E-07 
1.503E-07 

NdZZLE AREA RATItI 
EQUIL. FRCJZEN 

l.OOOE 00 l.OOOE 00 
2.241E 00 1.821E 00 
1.209E 01 6.986E 00 
7.B37E 01 2.895E 01 
5.44BE cl2 1.195E 02 
1.178E 03 2.0?2E 02 
3.bObE 03 
7.13lE G3 
1.936E 04 
3.721E 04 
9.977E 04 

ENT-IALPY-BTU/LB 
EUUIL. FKOZEN 

1.033E rj5 1.033E C5 
Y.33RE 04 9.284E 04 
7.077E 04 7.431E c4 
4.844E 04 5.997E 04 
3.23AE 04 5.341E 04 
2.039E 04 5.i155E 04 
1.651E C4 4.YY4E 04 
1.156E 04 
H.974E 03 
6.062E c,3 
4.663E 03 
3.125E C:3 

YdLECULAK k;T. 
E (311 I L . FRO% EN 
1.3740 1.3249 
1.3651 1.3240 
1.4923 1.3240 
1.6538 1.32412 
l.f3?47 1.3240 
1.9356 1.3240 
1.9768 1.3240 
2.0123 
2.0159 
7.016C 
2.016n 
Z.C’lhO 

VELOC I TV-FT/S EC 
EOUI L. FRfJZEN 

MACti ‘JUYBEY 
EOUIL. FR177 FN 

22338. 22936. 1.73n 1.3?C 
40384. 38128. 2.161 2.116 
52428. 46597. 3.41C 3.717 
59604. 53000. 4.556 5.876 
64442. 51411. 5.676 9.153 
65937. 5 1705. 6.119 15.928 
67786. 6.7til 
68733. 7.468 
69786,. 9.023 
70286. 10.292 
70831. 12.592 

IDEAL 1 SP-SEC 
EQUI L. FK:JZEY 

694.3 712.9 
1255.2 1185.1 
1629.5 1448.3 
1852.6 1554.1 
2002.3 1597.9 
2049.3 1607.3 
210b.9 
2136.3 
2169.0 
2184.6 
2202.5 

VAC ISP-SFC 
E3UIC. FROZEN 

1246.4 12P8.1 
1478.3 1365.3 
1749.9 1517.4 
1930.6 1582.7 
2057. 2 lbc19.7 
2’196.2 1615 .? 
2142.a 
2164.7 
21RH. 3 
2194.4 
2211.4 



lAf?LE 152 

PERFCRKANCE PARAMETERS FOR I-YDROGEN AT A STAGNATICN PRESSUFE OF 
5CO. AT!’ AND A STAGNATICV TEMPERATURE OF 14COO. LEG R 

THROAT FLCW PARAHETER(EGUIL.1 = 221.74 LB-SCRTCCEG RI/SEC-FTZ-ATt’ 
THROAT FLGW PARAHETERTFROZEY) = 231.90 LB-SORT( CEG RI /SEC-FTZ-ATk! 

PAX WT FLOW PER UNIT AREA(EOUIL.l = 937.03 1 LB/SEC-FT i 
t’AX k;T FLOW PER UNIT AREALFROZENI = 979.967 LB/SEC-FT i 

THROAT PRESSURE PATIO(EQUIL.1 = 0.5467 
THROAT PRESSURE RATIOLFROZEN) = 0.5C72 

ENTROPY = 2.552E 01 l3TU/LB-DEG R 

PRE SSLRE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECLLAR kT. 
RATIC EOI IL. FROZEN EQUIL. FROZ Eh ECLIL. FROZEN 

CHAPBEA 14coo. 14000. 1.347E 05 1.347E C5 1.157i 1.1577 
THROAT 12387. 11074. 1.212E 05 1.201E 05 1.195t 1.1577 

l.OOOE-C 1 9560. 6246. 9.2139E 04 9.658E C4 1.316C 1.1577 
l.OOOE-C2 7306. 2625. 6.550E 04 7.997E C4 1.476d 1.1577 
1.000E-C3 5899. 1027. 4.614E 04 7.320E C4 1.631; 1.1577 
l.OOOE-C4 4894. 383. 3.170E 04 7.062E 04 1.7765 1.1577 
4.000E-C5 4556. 2.693E 04 1.831? 
l.OOOE-C5 4077. 2.057E 04 1.908C 
4.000E-Cb 3759. 1.687E 04 1.5531 
l.OOOE-Cb 3184. 1.202E 04 2.CO3F 
4. OOOE-C 7 2644. 9.373E 03 2.0151 
l.OOOE-C7 1833. 6.3386 03 2.C16C 

PRESSURE OENSITY-LB/FT3 
RATIC EQUIL. FROZEN 

CHAl”BEF 5.664E-02 5.664E-02 
THROAT 3.614E-02 3.632E-02 

l.OOOE-Cl 9.428E-03 1.269E-02 
l.OOOE-C2 1.384E-03 3.021E-03 
l.OOOE-C3 1.894E-04 7.722E-04 
l.OOOE-C4 2.487E-05 2.069E-04 
4.000E-C5 l.lOlE-05 
l.OOOE-C5 3.206E-06 
4.000E-C6 1.424E-06 
l.OOOE-C6 4.311E-07 
4.000E-C7 i.ORRE-07 
l.OOOE-C7 7.534E-08 

PRE SSLR E NOZZLE AREA RATIO IDEAL ISP-SEC VAC ISP-SEC 
RATIC EOl!IL. FROZEN EQUIL. FROZEh ECI;IL. FROZEN 

THROAT l.OOCE 00 l.OOOE 00 805.8 838. C 1423.1 1386.2 
l.OOOE-Cl 2.173E 00 1.768E 00 1421.4 1357.2 1666.8 1548.0 
l.OOOE-C2 1.150E 01 6.199E 00 1829.0 1626.4 1958.9 1693.4 
l.OOOE-C3 7.432E 01 2.288E 01 2069.1 1724.1 2153.C 1748.8 
l.OOOE-C4 5.248E 02 8.363E 01 2231.5 1760.C 225C.8 1769-C 
4.000E-C5 1.159E 03 2282.6 2334.9 
l.OOOE-C5 3.868E 03 2349.0 2352.7 
4.OOOE-C6 8.571E 03 2386.7 2425.4 
l.OOOE-Cb 2.774E 04 2435.4 2466.7 
4.000E-C7 5.666E 04 2461.6 24E7.1 
l.OOOE-07 1.552E 05 2491.2 25C8.7 

VELOCITY-FT/SEC 
EQUIL. FROZEh 

25926. 
45732. 
56846. 
66570. 
71797. 
73441. 
75577. 
76791. 
78357. 
79198. 
80151. 

26982. 
43665. 
52329. 
55470. 
56626. 

t’ACH NliCEER 
ECLIL. FROZEN 

L-COO l.CCC 
2.172 2.132 
3.463 3.840 
4.643 6.361 
5.781 10.498 
6.230 
6.914 
7.369 
8.027 
8.523 

lC.151 

c 



TABLE 153 

PERFGRMANCE PARAMETERS FOR hYDROGEN AT A STAGNATICN PRESSUPE GF 
sco. ATM AND A STAGNATICN TEMPERATURE OF 16CGO. CEG P 

THROAT FLOW PARAHETERTEQUIL.1 = 218.56 LB-SQRT(CEE RI/SEC-FTZ-ATM 
THROAT FLCW PARAMETERTFROLEN) = 227.08 LB-SQRTtCEE RI/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREA(EQUIL.1 = 863.927 LB/SEC-FTZ 
FAX WT FLOW PER UNIT AREATFROZEN) = 897.617 LB/SEC-FTi 

THROAT PRESSURE RATIOlEQU1L.I = 0.5404 
THROAT PRESSURE RATIOtFROZEbl * 0.4983 

ENTROPY = 3.C99E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R 
RATIC EQUI L. FROZEN 

CHAMHER 16000. 16000. 
THROAT 13698. 12362. 

1. OOOE-C 1 10 147. 6771. 
L.OoOE-C2 7617. 2751. 
l.OOOE-C3 6126. 1067. 
loOOOE-C4 5099. 402. 
4. OOOE-C 5 4766. 
l.OOOE-C5 4314. 
4.000E-C6 4c37. 
l.OOOE-C6 3625. 
4.000E-07 3328. 
l.OOOE-07 2693. 

PRESSURE 
RATIO 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
1 .OOOE-C4 
4.000E-C5 
l.OOOE-C5 
4.000E-C6 
l.OOOE-C6 
4.000E-07 
l.OOOE-07 

PRE SSUPE 
RATIC 

THROAT 
1. OOOE-C 1 
L.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
4. OOOE-C 5 
l.OOOE-C5 
4.000E-C6 
1. OOOE-C 6 
4.000E-C7 
l.OOOE-C7 

DENS1 TY-LBJFT3 
EQUI L. FROZEN 

4.63CE-02 4.630E-02 
3.006E-02 2.986E-02 
8.256E-03 l.O94E-02 
1.24lE-03 2.6926-03 
1.714E-04 6.944E-04 
2.256E-05 1.843E-04 
9.977E-a06 
2.885f-06 
1.26BE-06 
3.663E-07 
1.629E-07 
5.12lE-08 

NOZZLE AREA RATIO 
EQUILI FROZEN 

l.OOCE 00 l.OOOE 00 
2.lOBE 00 1.719E 00 
l.lOOE 01 5.869E 00 
3.067E 01 2.153E 01 
4.992E 02 7.955E 01 
l.lOSE 03 
3.715E 03 
B.323E 03 
2.822E 04 
6.275E 04 
1.967E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

1.565E 05 1.565E C5 
1.400E 05 1.385E C5 
1.073E 05 l.llOE 05 
7.643E 04 9.207E 04 
5.496E 04 8.453E C4 
3.902E 04 8.1646 04 
3.377E 04 
2.673E 04 
2.260E 04 
1.706E 04 
1.382E 04 
9.635f C3 

HCLECLLAR WT. 
ECLIL. FROZEN 
1.0816 1.0816 
1.112t 1.0816 
1.223 I 1.0816 
1.379E 1.0816 
1.533; 1.0816 
1.679E 1.0816 
1.7357 
1.817C 
1.868C 
1.9385 
1.978F 
2.Cl3t 

VELOC I TY-FT/SEC 
EQUIL. FROZEN 

CACH NUM8ER 
ECUIL. FROZEN 

28738. 30060. l.COO l.OOC 
49632. 47720. 2.189 2.129 
63322. 56803. 3.517 3.9c5 
71306. 60036. 4.726 6.534 
76696. 61228. 5.@84 lC.776 
78393. 6.339 
80600. 7eC27 
81879. 7.483 
83558. 8.182 
84521. 8.643 
85753. 9.265 

IDEAL I SP-SEC 
EQUIL. FROZEN 

893.2 934.3 
1542.6 1483.2 
1968.1 1765.5 
2216.3 1866.C 
2383.8 1903-c 
2436.5 
2505.4 
2544.9 
2597.1 
2627.0 
2665.3 

VAC ISP-SEC 
ECLIL. FROZEN 

1555.c 1521.6 
18CO.8 1685.8 
21C2.8 1834.7 
23C2.8 1891.4 
2444.9 1912.4 
24SC.6 
25EC.9 
25t5.7 
2631.6 
2651.7 
26E9.4 



TABLE 154 

PERFCRCANCE FARAMETERS FOR FYCROGEN AT A STAGNATICN PRESSURE OF 
5CO. ATM AND A STAGNATICN TEMPERATURE OF 18CCC. CEG C 

THROAT FLCk PARAMETERIEQUIL.1 = 218.86 LB-SQRTICEE RI/SEC-FTZ-ATM 
THROAT FLCW PARAMETERIFROZENI = 225.00 LB-SQRTICEG RI/SEC-FTZ-ATT’ 

PAX WT FLOW PER UNIT AREAIEQUIL. J = 815.645 LB/SEC-FT2 
FAX WT FLOW PER UNIT ARE0IFROZENI = 838.52s LB/SEC-FTi 

THROAT PRESSURE PATIOIEQUIL.1 = 0.5351 
THROAT PRESSURE AATIDIFROZENI = 0.4937 

ENTROPY = 3.19lE 01 BTU/LB-DEG R 

PRESSURE 
RATIO 

CHAMBER 
THROAT 

1. OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
4.000E-05 
l.OOOE-05 
4.000E-C6 
l.OOOE-C6 
4.000E-C7 
l.OOOE-C7 

PRESSURE 
RATIG 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
1 .OOOE-C4 
4.000E-C5 
l.OOOE-C5 
4.000E-C6 
l.OOOE-C6 
4,00OE-C7 
l.OOOE-07 

PRE SSUR E 
RATIC 

THROAT 
l.OOOE-C 1 
l.OOOE-C2 
1. OOOE-C 3 
l.OOOE-C4 
C.OOOE-C5 
l.OOOE-C5 
4.000E-C6 
l.OOOE-C6 
4.000E-C7 
1 .OOOE-07 

TEMPERATURE-DEG R 
EQUIL. FROZEN 
18000. 18COO. 
14925. 13739. 
10588. 7423. 

7817. 2972. 
6259. 1149. 
52 10. 435. 
4875. 
4427. 
4159. 
3778. 
3528. 
3101. 

DENSITY-LB/F13 
EQUIL. FROZEN 

3.988E-02 3.988E-02 
2.629E-02 2.579E-02 
7.56@E-03 9.669E-03 
1.1596-03 2.415E-03 
1.614E-04 6.248E-04 
2.13CE-05 1.650E-04 
9.422E-06 
2.72 lE-06 
l.l93E-06 
3.420E-07 
1.50GE-07 
4.396E-08 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOCE 00 l.OOOE 00 
2.048E 00 1.696E 00 
1.056E 01 5.724E 00 
6.763E 01 2.096E 01 
4.775E 02 7.784E 01 
1.057E 03 
3.5626 03 
8.001E 03 
2.736E 04 
6.167E 04 
2.074E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

1.722E 05 1.722E CS 
1.530E 05 1.511E C5 
1.169E 05 1.200E CS 
8.359E 04 9.874E C4 
6.070E 04 9.034E 04 
4.38lE 04 8.713E 04 
3.824E 04 
3.079E 04 
2.64lE 04 
2.050E 04 
1.701E 04 
1.234E 04 

MCLECLLAR WT. 
EC;UIL. FROZEN 
1.048C 1.0480 
1 .C?Oi 1.0480 
1.1699 1.0480 
1.3231 1.0480 
1.474E 1.0480 
1.6207 1.0480 
1.6767 
1.7582 
1.8113 
1 .@I¶64 
1.9322 
1.9904 

VELOC ITY-FT/SEC 
EQUIL. FROZ Eh 

PACH NUMBER 
ECUIL. FROZEN 

31021. 32510. 1 -coo l.OOC 
52618. 51119. 2.2C9 2.129 
66617. 60659. 3.569 3,937 
74722. 64029. 4.8CO 6.614 
80183. 65273. 5.s77 lC.901 
81902. 6 -437 
84150. 7.131 
85442. 7.590 
87157. 8.291 
88152. 8.76C 
89467. 9.459 

IDEAL ISP-SEC 
EQUIL. FROZEN 

964.2 1010.4 
1635.4 1588.e 
2070.5 1885.3 
2322.4 1990.1 
2492.2 2028.7 
2545.6 
2615.5 
2655.6 
2708.9 
2739.8 
2780.7 

k0C ISP-SEC 
ECUIL. FROZEN 

1658.2 1633.4 
19Cl.l 1802.9 
22C7.5 1957.5 
24 lC.2 2C16.5 
2554.1 2038.6 
26C0.4 
2ttl.7 
2657.1 
2744.4 
2771.8 
28C7.6 
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TABLE 155 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSUPE OF 
5C0. ATM AND A STAGNATICN TEMPERATURE OF ZCCCO. CEG P 

THROAT FLCW P4RAMETERTEPUIL.1 = 218.76 LB-SQRTTCEG RI/SEC-FT2-ATM 
THROAT FLCW PARAMETER(FROZEN1 = 223.80 LB-SORT(CEG RI/SEC-FTZ-ATM 

FAX WT FLOW PER UNIT AREA(EQUIL.1 = 773.44s LB/SEC-Ffi 
FAX WT FLOW PER UNIT AREA(FROZENT = 791.245 LB/SEC-FTi 

THROAT PRESSURE RATIOIEQUIL.) = 0.5139 
THROAT PRESSURE RATIOfFROZEN) = 0.4514 

ENTROPY = 3.266E 01 BTU/L8-DEG R 

PRE SSLRE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECILAR WT. 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER 20000. 20000. 1.863E 05 1.863E 05 1 .c3oi 1.0302 
THROAT 16 131. 15174. 1.634E 05 1.624E 05 1.0461 1.03C2 

l.O00E-C 1 10908. 8145. 1.239E 05 1.277E C5 1.127; 1.03c2 
l.OOOE-C2 7984. 3240. 8.950E 04 1.040E C5 1.279E 1.03C2 
l.OOOE-C3 6362. 1252. 6.542E 04 9.467E C4 1.4295 1.0302 
l.OOOE-C4 5293. 475. 4.773E 04 9.llOE 04 1.574E 1.03C2 
4. OOOE-C 5 4955. 4.192E 04 1.6307 
l.OOOE-C5 4506. 3.413E 04 1.713c 
4. OOOE-C 6 4241. 2.955E 04 1.765f 
l.OOOE-Cb 3872. 2.336E 04 1.8425 
4. OOOE-C 7 3640. 1.969E 04 1.89CC 
l.OOOE-C7 3280. 1.474E 04 1.956F 

PRESSURE DENSITY-LB/FT3 
RATIO EQUIL. FROZEN 

CHAMBER 3.528E-02 3.528E-02 
THROAT 2.283E-02 2.285E-02 

l.OOOE-01 7.07T!E-03 8.663E-03 
l.OOOE-C2 l.O98E-03 2.178E-03 
l.OOOE-C3 1.539E-04 5.638E-04 
l.OOoE-C4 2.03RE-05 1.485E-04 
4.000E-C5 9.017E-06 
l.OOOE-C5 2.604E-06 
4.000E-C6 1.14 IE-06 
l.OOOE-06 3.259E-07 
4.000E-07 1.423E-07 
l.OOOE-C7 4.087E-08 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC VAC ISP-SEC 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

1HROAT 1,OOCE 00 l.COOE 00 1052.8 1076.4 1755.8 1733.4 
l.OOOE-Cl 1.955E 00 1.685E 00 1737.7 1684.4 2oc5.0 1909.8 
l.OOOE-C2 1.012E 01 5.658~ oc 2164.1 1995” 8 23C2.5 2071.5 
l.OODE-03 6.45t?E 01 2.072E 01 2418.2 2lO5.5 25C6.5 2133.2 
1 .OOOE-C4 4.557E 02 7.715E 01 2589-O 2146.1 2651.3 2156.4 
4. OOOE-C 5 1.009E 03 2642.8 265F.C 
l.OOOE-C5 3.403E 03 2713.1 2759.7 
4.000E-C6 7.657E 03 2753.6 2755.5 
1 .OOOE-C6 2.627E 04 2807.4 2843.4 
4.000E-07 5.95lE 04 2838-8 2871.4 
l.OOOE-07 2.042E 05 2880.8 29C8.7 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

33874. 34631. 
55908. 54195. 
69627. 64213. 
77802. 67743. 
83298. 69047. 
85029. 
87292. 
88594. 
90327. 
91337. 
92685, 

MACH NUMBER 
ECUIL. FROZEN 

l.COO l.OOC 
2.256 2.129 
3.623 3.953 
4.076 6.651 
6.070 10.955 
6.537 
7.238 
7.701 
8.4C5 
8.875 
9.596 
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TABLE 156 

PERFCRCANCE FARAI’ETERS FOR FYDROGEN AT A STAGNATICN PRESSURE OF 
500. AT)r AND A STAGYATICN TEMPERATLRE OF 3CCCO. CEG P 

THitDAT FLCW PARAMETER(EQUIL.1 = 204.93 LB-SORTtCEG RI/SEC-FTZ-ATC 
THROAT FLCW PARAMETERTFROZEN) = 217.46 LB-SQRTTCEC RI/SEC-FTZ-ATM 

CAX kT FLGW PER UNIT AREA(EQUIL.1 = 591.592 LB/SEC-FTi 
CAX kT FLCW PER UNIT ARELTFROZEN) = 627.756 LB/SEC-FT2 

THROAT PRESSURE RATIOIEQLIL.) = 0.5468 
THROAT PRESSURE RATlOtFROtEN) = 0.4897 

ENTROPY = 3.584E 01 BTU/LB-DEG R 

PRESSLRE TEMPERATURE-DEG R 
RATIC EQUIL. FROZEN 

CHAMBER 3ocoo* 30000. 
THROAT 25972. 22854. 

l.OOOE-Cl 15186. 12184. 
1 .OOOE-C2 8F87. 4842. 
l.OOOE-C3 6807. 1882. 
l.OOOE-C4 5605. 720. 
4.OOOF-c5 5243. 490. 
l.OOOE-C5 4774. 
4.000E-C6 4505. 
l.OOOt-C6 4145. 
4.000E-C7 3931. 
l.OOOE-C7 3635. 

PRESSUPE 
RATIO 

CHAMUEH 
THdOAT 

L.OOOE-01 
1.000t-C2 
l.OOUE-C3 
l.Oi)OE-C4 
4.000E-C5 
l.OOOE-C5 
4.000E-C6 
l.OOOE-C6 
4.000E-07 
1.000t-07 

PRESSURE 
RATIO 

THROAT 
1 .OOOE-C 1 
l.OOOE-02 
l.OOOE-03 
l.OOOE-c4 
4.00DE-05 
l.OOOE-C5 
4.033f-06 
l.OdOE-06 
4.ooolz-c7 
1 .Oi)OE-C7 

DENSI TY-LB/FT3 
EQUIL. FROZEN 

2.23bE-02 2.2 36E-02 
1.434E-02 1.437E-02 
4.597E-03 5.505E-03 
8.632E-04 1.385E-03 
1.267E-04 3.564E-04 
1.708E-05 9.31 SE-05 
7.587E-06 5.4?4E-05 
2.198E-06 
9.633E-07 
2.745E-07 
1.192E-07 
3.362E-08 

NOZZLE AREA RATIO 
EQuIL. FROZEN 

l.OOOE 00 l.OOOE 00 
1.797E 00 1.673E 00 
7.908E 00 5.616E 00 
4.919E 01 2.069E 01 
3.452E 02 7.767E 01 
7.64OE 02 1.317E 02 
2.581E 03 
5.816E 03 
2.OOciE 04 
4.580E 04 
1.604E 05 

ENTHALPY-BTU/LB 
EOUIL. FROZEh 

2.662E 05 2.662E C5 
2.322E 05 2.28lE C5 
1.637E 05 1.734E C5 
1.162E 05 1.36iE C5 
B.633E 04 1.215E C5 
6.506E 04 1.158E Cc: 
5.813E 04 1.147E C5 
4.889E 04 
4.347E 04 
3.613E 04 
3.177E 04 
2.581E 04 

MCLECCLAR kl. 
ECLIL. FRCLEN 
0.9792 C.9792 
o.s941 0.9792 
l.Cl9i 0.9792 
1.12oc 0.9792 
1.2595 c-.9792 
I.3975 0.9792 
1.45lF 0.9792 
1.532C 
1.584( 
1.6612 
1.7111 
1. 784-t 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

FACH NLMBER 
ECUIL. FRCZEN 

41269. 43683. 1 .cco 1.000 
71615. 68172. 2.115 z-12.!? 
R6662. 80695. 3.950 3.46@ 
94889. 85121. 5.369 6.663 

100345. 86768. 6,679 lC.936 
102058. 87088. 7.186 13.293 
104300. 7.942 
105593. 8.438 
107318. 9.184 
108330. 9.677 
109699. 10.425 

IDEAL ISP-SEC 
EQUIL. FROZEN 
1282.7 1357.7 
2225.9 2118.8 
2693.5 2508.1 
2949.3 2645. t 
3118.8 2696.B 
3172.1 2706.8 
3241.7 
3281.9 
3335.6 
3367.0 
3409.6 

bAC I SF-SEC 
ECLIL. FROZEN 

2260.6 2183.0 
2 547.3 2400.8 
2835.0 2602.7 
3037.2 2680.5 
31eo.5 27C9.9 
3226.7 2715.7 
32f7.9 
3323.5 
3371.5 
3359.8 
3438.2 
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TABLE 157 

PERFCRHANCE PARAMETERS FOR bYOROGEN AT I STAGNATICN PRESSURE CF 
500. ATY AN0 A STAGNATICN TEMPERATURE OF 40CO0. CEG P 

THROAT FLCW PARAMETER(E0UIL.l = 187.68 LB-SQRT( CEG RI /SEC-FTZ-ATM 
THROAT FLOW PARAMETERIFROZEN) = 206.36 LB-SaRTtCEG RI/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREA(EaUIL.1 = 469.192 LB/SEC-FT i 
PAX kT FLOW PER UNIT AREA(FROZEN) = 515.888 LB/SEC-FTi 

THROAT PRESSURE RATIO(EaUIL.) = 0.558C 
THROAT PRESSURE PATIO(FROZEh) = 0.513C 

ENTROPY = 4.047E 01 BTU/LB-OEG A 

PRESSURE 
RATIO 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-03 
l.OOOE-C4 
4,00OE-C5 
l.OOOE-C5 
4.000E-06 
l.OOOE-C6 
4.000E-C7 
l.OOOE-C7 

PRESSURE 
RATIO 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-c3 
l.OOOE-04 
4. OOOE-C 5 
l.OOOE-C5 
4.000E-C6 
l.OOOE-06 
4.000E-07 
1 .OOOE-07 

PRE SSLRE 
RATIO 

THROAT 
l.OOOE-01 
1.000E-C2 
l.OOOE-C3 
1 .OOOE-C4 
4. OOOE-C 5 
l.OOOE-C5 
4.00oE-C6 
l.OOOE-C6 
4.000E-07 
l.OOOE-C7 

TEMPERATURE-OEG R 
EQUIL. FROZEN 
4ocoo. 40000. 
36273. 31378. 
26855. 16599. 
15036. 6634. 

7821. 2608. 
6064. 2011. 
562h. 692. 
5089. 389. 
4792. 
4407. 
4184. 
3886. 

OENSITY 
EQUIL. 

1.479E-02 
9.329E-03 
2.438E-03 
4.592E-04 
9.341E-05 
1.343E-05 
b.O34E-06 
1.7686-06 
7.786E-07 
2.229E-07 
9.7016-08 
2.736E-08 

-LB/FT3 
FROZEN 

1.479E-02 
9.674E-03 
3.565E-03 
B.920E-04 
2.269E-04 
5.854E-05 
3.422E-05 
1.521E-05 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOrE 00 l.OOOE 00 
2.092E 00 1.702E 00 
8.837E 00 5.751E 00 
4.015E 01 2.143E 01 
2.675E 02 8.146E 01 
5.882E 02 1.388E 02 
1.975E 03 3.111E 02 
4.443E 03 
1.533E 04 
3.498E 04 
1.229E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

4.325E 05 4.325E 05 
3.819E 05 3.756E C5 
2.634E 05 2.8806 CE 
1.655E 05 2.304E 05 
1.199E 05 2.076E 05 
9.207E 04 1.986E C5 
8.331E 04 1.969E CS 
7.176E 04 1.952E 05 
6.503E 04 
5.598E 04 
5.061E 04 
4.329E 04 

MCLEC 1LAR kT. 
ECUIL. FROZEN 
0.8635 0.8639 
0.8855 0.8639 
0.955E 0.8639 
1 .CO8 1 0.8639 
1.C667 0.8639 
1.1895 0.8639 
1.2391 0.8639 
1.3132 0.8639 
1.3615 
1.4342 
1.481t 
1.5521 

VELOCITY-FT/SEC 
EQUIL. FROZEh 

CACH NUPBER 
ECLIL. FROZEN 

50292. 53327. l.CCO l.OCC 
91993. 85030. 2.215 2.137 

115610. 100564. 3.449 3.982 
125094. 106105. 5.994 6.657 
130537. 108192. 7.664 10.862 
132206. 10860 1. 8.267 13.17C 
134374 * 108987. 9.152 17.609 
135621. 9.724 
137282. 10.577 
138257. 11.135 
139577. 11.974 

IDEAL ISP-SEC 
EOuIL. FROZEh 
1563.1 1657.5 
2859.2 2642.E! 
3593.3 3125.6 
3888.1 3297.8 
4057.2 3362.7 
4109.1 3375.4 
4176.5 3387.4 
4215.2 
4266.9 
4297.2 
4338.2 

VAC I SP-SEC 
ECLIL. FROZEN 

2821.3 2709.5 
3331.0 2991.9 
3752.6 3243.6 
3978.6 3341.8 
4117.5 3379.4 
4162.1 3386.8 
4221.0 3393.8 
4255.3 
43c1.4 
4328.7 
4365.9 
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TABLE 158 

PERFCRMANCE PARAMETERS FUR bYOROGEN AT A STAGNATICN PRESSURE CF 
5co. AT!’ AND 4 STAGNATICN TEMPERATURE OF EICCOO. CEG P 

THR0A.T FLCW PARAMETERtEaUIL.) = 171.13 LB-SaRTt CEG R) /‘EC-FTZ-ATM 
THKCJAT FLOrl PARAMETERtFROZEN) = 179.75 LB-SaRTtCEG RI/SEC-FT2-ATM 

PAX WT FLCW PER UNIT AREA(EaUIL.1 = 382.66C LB/SEC-FTZ 
FAX WT FLOW PER UNIT AREPtFROZENI = 401.924 LB/SEC-FTZ 

THROAT PRESSUKE RATIOfEauIL.) = 0.5503 
THROAT PRESSURE RATIOtFROZEN) = 0.5C75 

ENTROPY = 4.t68E 01 BTU/LB-OEG R 

PitESSUKE TEMPERATURE-OEG R ENTHALPY-BTU/LB MCLECLLAR WT. 
RAT1 0 EQUIL. FROZEN EPUIL. FROZEN ECUIL. FROZEN 

CHAHBEK 50000. 50000. 7.1226 05 7.122E 05 0.7101 0.71Cl 
THROAT 45099. 40158. 6.340E 05 6.268E C5 0.731 i 0.7101 

l.OOOE-Cl 34688. 21799. 4.567E 05 4.892E 05 0.8040 C.71Cl 
l.OOOE-02 25284. 8839. 2.971E 05 3.970E 05 0.9035 0.7101 
l.OOOE-C3 17840. 3775. 1.92BE 05 3.588E 05 0.9874 0.71Cl 
l.OOOE-G4 8553. 1669. 1.339E 05 3.422E 05 1 .OlOZ 0.7lCl 
4.000E-05 6665. 1213. 1.206E 05 3.385E C5 1.0313 c-7101 
l.OOOE-C5 5618. 750. 1.048E 05 3.348E 05 l.C9lS 0.7101 
4.000E-C6 5200. 547. 9.597E 04 3.3316 c5 1.134t 0.7lCl 
l.OOOE-C6 4717. 340. 8.4286 04 3.314E CS 1.1994 0.71Cl 
4.000E-G7 4457. 7.744E 04 1.2415 
I. OOOE-C7 4123. 6.817E 04 1.3c57 

PRESSUKE DENSITY-LB/FT3 
RATIO EQUIL. FROZEN 

CHAMHER Y. 728E-03 9.72BE-03 
THROA 1 6. LlbE-03 6.147E-03 

l.OOOE-Cl 1.588E-03 2.231E-03 
l.OOOE-C2 2.449E-04 5.503E-04 
l.OOOE-03 3.791E-05 1.289E-04 
l.OooE-C4 8.09CE-06 2.914E-05 
4.00OE-C5 4,23qE-06 1.604E-05 
l.OOOE-C5 1.331E-06 6.481E-06 
4.000E-C6 5.978E-07 3.555E-06 
l.OOOE-C6 1.741E-07 1.43lE-06 
4.000E-07 7.633E-08 
l.OOOE-07 2.169E-08 

PRESSURE NOZZLE AREA RATIO IOEAL ISP-SEC LAC ISP-SEC 
RATIO EQCIL. FROZEN ELIUIL. FROZEh ECLIL. FROZEN 

THKOAT l.OOOE 00 l.OOOE 00 1944.7 2032.3 3466.3 3368.2 
l.OOOE-Cl 2.13CE 00 1.705E 00 3514.9 3284-C 41c3.9 3732.8 
l.OOOE-C2 1.084E 01 5.815E 00 4480.4 3904.3 47eo.i 4c57.4 
l.OOOE-C3 6.260E 01 2.345E 01 5011.9 4134.1 5ie5.0 4195.9 
L.OOOE-04 2.7806 02 1.013E 02 5288.1 4230.1 5365.0 4256.7 
4.000E-OS 5.245E 02 1.832E 02 5348.8 4250-S 54C6.8 427C.2 
l.OOOE-C5 1.648E 03 4.512E 02 5419.6 4272.1 5465.2 4284-C 
4.000E-C6 3.645E 03 8.208E 02 5458.9 4281.5 5459.2 4290.1 
l.OOOE-06 1.239E 04 2.035E 03 5510.4 4231-C 5544.7 4296.4 
4.000E-07 2.812E 04 5540.4 5571.5 
1 .OOOE-C7 9.824E 04 5580.7 56C7.9 

VELOCITY-FT/SEC 
EQUrL. FROZEN 

PACH NUYRER 
ECLIL. FROZEN 

62569. 65386. l-COO l.OCC 
113087. 105660. 2.199 2.1Cl 
144153. 125617. 3.539 3.973 
161253. 1.33011. 4.885 6.544 
170141. 136098. 7.510 10.151 
172091. 136770. 8.896 11.990 
174372. 137452. 10.236 15.346 
175635. 137752. 10.979 18.023 
177293. 138059. 12 -032 22.938 
178256. 12.702 
179553. 13.693 
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TABLE 159 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
500. ATM AND A STAGNATICN TEMPERATURE OF 75COO. CEG P 

THROAT FLOW PARAHETERTEQUIL.) = 155.73 LB-SQRTTCEG RI/SEC-FT2-ATY 
THROAT FLOW PARAHETERIFROZEN) = 159.89 LB-SORTI CEG R) /SEC-FTZ-ATM 

PAX vJT FLOW PER UNIT AREPTEQUIL. 1 = 284.321 LB/SEC-FT2 
PAX WT FLOW PER UNIT AREA(FROZEN1 = 291.915 LB/SEC-FTi 

THROAT PRESSURE RATIOLEQUIL.1 = 015C87 
THROAT PRESSURE RATIO(FROZEN) = 0.4978 

ENTROPY = 5.666E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB HtLEClLAR WT. 
RATIO EQUIL. FROZEN EQUIL. FROZEh: EGLIL. FROZEN 

CHAMBER 75coo. 75000. 1.312E 06 1.312E CC 0.5393 0.5393 
THROAT 62 167. 58171. 1.145E 06 1.142E CC 0.5534 0.5393 

1. OOOE-C 1 44352. 3 1343. 8.5146 05 8,846E 05 0.604C 0.5393 
l.OOOE-C2 31825. 12510. 5.845E 05 7.106E 05 0.693C 0.5393 
l.OOOE-03 24535. 5025. 4.110E 05 6.4lOE C5 0.7852 0.5393 
l.OOOE-04 19561. 2037. 2.899E 05 6.130E C5 0.8753 0.5393 
4.000E-C5 17918. 1424. 2.516E 05 6.072E C5 0.909r 0.5393 
l.OOOE-CS 15566. 830. 2.022E 05 6.016E 05 0.9575 0.5393 
4.000E-C6 13904. 581. 1.746E 05 5.992E C5 0.5845 0.5393 
l.OOOE-C6 10084. 339. 1.423E 05 5.969E 05 1 .c07r 0.5393 
4.000E-C7 7049. 1.269E 05 1.0081 
L.oOOE-07 4776. 1.116E 05 1 .C296 

PRESSCRE DENS1 TY 
RATIO EQUIL. 

CHACBER 4.925E-03 
THROAT 3.101E-03 

l.OOOE-Cl 9.327E-04 
l.OOOE-C2 1.491E-04 
l.ODOE-C3 2.192E-05 
l.OOOE-04 3.06’E-06 
4.000E-05 1.391E-06 
l.OoOE-C5 4.213E-07 
4.000E-06 1.941E-07 
l.OOOE-C6 6.842E-08 
4.000E-07 3.9lBE-08 
l.OOOE-C7 1.477E-08 

PRESSURE NO7ZLE AREA RAT IO IDEAL ISP-SEC LAC I SP-SEC 
RATIO EQIIIL. FROZEN EOUIL. FROZEh EELIL. FROZEN 

THHOAT l.OOCE 00 l.OOOE 00 2849.4 2870.3 4742.1 4674.5 
l.OOOE-Cl 2.007E 00 1.693E 00 4721.5 454A. 3 5468.3 5161.8 
l.OOOE-C2 9.986E 00 5.696E 00 5933.3 5394.9 63C4.9 5601.3 
l.oOoE-C3 6.lOhE 01 2.166E 01 6602.5 5698.1 6829.7 5776.7 
l.OOOE-C4 4,lonE 02 8.604E 01 7032.1 5816.C 71E4.7 5847.2 
4.000E-C5 8.877E 02 1.498E 02 7162.3 5840-C 7254.4 5861.7 
l.OOOE-05 2.B6’E 03 3.476E 02 7327.2 5863.2 7433.8 5875.8 
4.000E-C6 6,13BE 03 6.073E 02 7418.0 5872.5 75c9.3 5881.7 
l.OOOE-C6 1.717E 04 1.414E 03 7522.5 5882.4 75e4.4 5887.5 
4.000E-07 2.979E 04 7571.7 761C.C 
l.OOOE-07 7.853E 04 7620.4 7649.6 

-LB/FT3 
FROZEN 

4*925f-03 
3.161E-03 
l.l79E-03 
2.953E-04 
7.350E-05 
1.813E-05 
l.O37E-05 
4.452E-06 
2.544E-06 
l.O91E-06 

VELOCITY-FT/SEC 
EQUIL. FRDZEk 

)rACH NUMBER 
ECL’IL. FROZEN 

91675. 92350. l.COO l.OOC 
151911. 146338. 2.158 2.116 
190898. 173575. 3.601 3.964 
212430. 183332. 4.972 6.632 
226250. 187124. 6.342 10.657 
230440. 187896. 6 .SCO 12.804 
235747. 188643, 7.777 16.852 
2311666. 188956. 8.387 20.181 
242030. 189259. 8.844 26.477 
243612. 12.045 
245177, 15.298 
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TA@LE 160 

PERFCRCANCE PARAMETERS FOR hYDROGEN AT A STAGNATICN PRESSURE GF 
5co. ATM AND A STAGNATICN TEMPERATURE OF 1~~~00. cEG R 

THROA.1 FLCW PARAMETERLEOUIL.) = 157.12 LB-SClRTtCEE RI/SEC-FTZ-ATM 
THROAT FLOW PARAMETER(FROZEN1 = 158.05 LB-SC?RT(CEG RI/SEC-FTZ-ATM 

MAX WT FLOW PER UNIT AREA(EQUIL.1 = 248.436 LB/SEC-FTi 
FAX WT FLOW PER UNIT AREPIFROZEN) = 249.896 LB/SEC-F12 

THROAT PRESSUKE RAlIOIEQUIL.1 = 0.4552 
THROAT PRESSURE RATIOTFROZEh) = 0.4531 

ENTROPY = 6.031E 01 BTU/LB-DEG R 

PRFSSUHE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECLLAR w 1. 
RAT IO EOUIL. FROZEN EQUIL. FROZEN ECLIL. FRCZEN 

CHAMBER 100000. 100000. 1.627E 06 1.627E Ct 0.5155 c-5155 
THROAT 77455. 76131. 1.389E 06 1.388E 06 0.52Cf 0.5155 

l.OOOE-Cl 49657. 40813. 1.022E 06 1.039E 06 0.5527 0.5155 
l.ODOE-C2 33957. 16285. 7.044E 05 8.022E 05 0.632! 0.5155 
A.OOOE-C3 25932. 6495. 5.031E 05 7.077E C5 0.7194 o-.5155 
l .OOOE-C4 20783. 2599. 3.636E 05 6.700E 05 0.806E 0.5155 
4.0OOE-05 19 170. 1807. 3.195E 05 6.623E 05 0.@405 0.5155 
l.OOOE-C5 17u19. 1042. 2.619E 05 6.549E 05 0.891C 0.5155 
4.000E-C6 15719. 725. 2.291E 05 6.518E 05 0.922E 0.5155 
l.OOOE-C6 13781. 418. 1.861E 05 6.488E 05 0.9671 0.5155 
4.OGOE-07 12304. 1.618E 05 0.5921 
l.OOOE-C7 8486. 1.340E 05 1 .OOBC 

PRESSURE DENSITY-LB/FT3 
RATlC EQUIL. FROZEN 

CHAMBER 3.531E-03 3.531E-03 
THROAT 2.277E-03 2.287E-03 

l.OirOE-Cl 7.624E-04 8.651E-04 
l.OOOE-C2 1.275E-04 2.168E-04 
1 .OOOF-c3 1.90CE-05 5.436E-05 
1 .OOOE-C4 2.65?E-06 1.35BE-05 
4.0OOE-C5 1.202E-06 7.817E-06 
l.OOOE-C5 3.586E-07 3.387E-06 
4.OOOE-C6 1.60”E-07 1.94YE-06 
l.OOOE-C6 4.BOPE-08 8.440E-07 
4.00OE-07 2.20”E-08 
I. OOOE-07 d.l36E-09 

PRESSURE NO’ZLE AREA RATIO IDEAL ISP-SEC ‘JAC I SP-SEC 
RATIC EOlllL. FROZEN EQUIL. FROZEh ECLIIL. FROZEN 

THROAT l.CO-‘E 00 l.OOOE 00 3390.9 3396.2 5459.9 5483.9 
l.OOOE-Cl 1.871E 00 1.684E 00 5407.3 5330.1 62C5.0 6043.3 
1 .OOOE-C2 9.065E 00 5.673E 00 6678.9 6314.9 7064.9 6555.1 
l.OOOE-C3 5.513E 01 2.143E 01 7371.8 6667.C 76C6.6 6757.7 
l.OOOE-C4 3.715E 02 8.406E 01 7816.1 6802.5 7974.3 6838.1 
4.000E-C5 8.080E 02 1.455E 02 7951.4 6829.B aoe9.1 6854.4 
1 .OOOE-C5 2.650E 03 3.344E 02 8124.5 6856.C 8237.3 6870.2 
4.OOOE-06 5.84CE 03 5.804E 02 8221.7 6866.9 8321.1 6876.8 
l.OOOE-C6 1.924E 04 1.338E 03 R347.3 6877.4 8429.2 6883.1 
4.000E-C 7 4.153E 04 8417.3 84e8.1 
1 .OOOE-07 1.117E 05 8496.6 8544.2 

VELOCITY-FT/SEC CACH NUMBER 
EQUIL. FROZEN ECUIL. FROZEN 

109098. 109268. 1 .cco 
173975. 171491. 2.131 
214886. 203176. 3.689 
237180. 214503. 5.139 
251474. 218864. 6.554 
255829. 219742. 7.119 
261396. 220587. 7.986 
264524. 220937. 8.574 
268565. 221274. 9.508 
270819. 10.152 
273371. 12.110 

l.OCC 
2.124 
3.971 
6.647 

1C. 732 
12.928 
17.089 
20.529 
27.065 
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TABLE 161 

PERFCRCANCE FARAHETERS FOR hYDROGEN AT A STAGNATICN PRESSUPE OF 
500. ATb AND A STAGNATICN TEMPERATURE OF LSCCCC, CEG F 

THROAT FLOW PARAMETERTEQU1L.J = 157.83 LB-SCJRTICEG RJ/SEC-FT2-ATM 
THROAT FLGW PARAHETERTFROZENJ = 157.83 LB-SQRTTCEC RJ/SEC-FT2-ATM 

FAX WT FLOW PER UNIT AREAIECJIJIL.J = 203.755 La/SEC-FTZ 
MAX wT FLOW PER UNIT AREPTFROZENJ = 203.762 LB/SEC-FTi 

THROAT PRESSURE RATIO(EQU1L.J = 0.4887 
THROAT PRESSURE RATIOTFROZENJ = 0.4887 

ENTROPY = 6.448E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECLLAR WT. 
RATIO EQUIL. FROZEN ECJUIL. FROZEN ECLIL. FROZEN 

CHAMBER 150000. 150000. 2.14OE 06 2.140E C6 0.5075 0.5079 
THROAT 112908. 112897. 1.774E 06 1.774E CC 0.5c75 0.5c79 

l.OOCE-01 62310. 60307. 1.252E 06 1.254E CC 0.5151 0.5079 
l.OOOE-C2 36851. 24423. 8.526E 05 8.960E 05 0.5725 0.5c79 
l.OOOE-C3 27459. 9935. 6.145E 05 7.510E C5 0.653 i 0.5079 
1 .OOOE-04 21914. 4050. 4.527E 05 6.919E C5 0.7365 0.5c79 
4.000E-C5 20245. 2835. 4.017E 05 6.797E 05 0.7691 0.5c79 
l.OOOE-C5 18089. 1652. 3.353E 05 6.678E C5 0.8183 0*5c79 
4.000E-t6 16846. 1157. 2.972E 05 6.628E 05 0.85CC 0.5079 
1 .OOOE-C6 15154. 674. 2.467E 05 6.5806 05 0.896E 0.5079 
4.000E-07 14112. 472. 2.175E 05 6.559E 05 0.9266 0.5079 
l.OOOE-07 12530. 1.787E 05 0.9686 

PRESSURE DENS1 TY-LB/F13 
RATIO EQUI L. FROZEN 

CHAMBER 2.3196-03 2.319E-03 
THROAT 1.506E-03 1.506E-03 

l.OOOE-Cl 5.662E-04 5.768E-04 
l.OOOE-02 l.O65E-04 1.424E-04 
l.OOOE-C3 1.63lE-05 3.501E-05 
i.OoOE-04 2.302E-06 8.589E-06 
4.000E-C5 l.O41E-06 4.909E-06 
1. OOOE-C 5 3.09BE-07 2.105E-06 
4.000E-C6 1.382E-07 1.203E-06 
l.OOOE-06 4.054E-08 5.158E-07 
4.000E-07 1.799E-08 2.9476-07 
l.OOOE-07 5.294E-09 

PRESSURE NOZZLE AREA RATIO IDEAL I SP-SEC LAC ISP-SEC 
RATIO ECJUIL. FROZEN EQUJL. FROZEN ECUIL. FROZEN 

THROAT l.OOCE 00 l.COOE 00 4205.7 4205. @ 6743.4 6743.3 
l.OOOE-cl 1.707E 00 1.677E 00 6553.9 6546. E 7440.0 7417.6 
1 .OOOE-C2 7.539E 00 5.733E 00 7889.8 7755.5 82El.2 BC53.2 
l.OOOE-C3 4.522E 01 2,207E 01 8588.7 8195.4 8823.5 8310.0 
1. COCE-04 3.046E 02 8.811E 01 9032.6 8367.9 915c.7 8413.6 
4.00OE-C5 6.635E 02 1.535E 02 9168.0 8403.1 93C5.8 8435.C 
1 .OOOE-C5 2.188E 03 3.566E 02 9341.6 8437.2 9455.2 8455.7 
4.000E-C6 4.853E 03 6.23OE 02 9439.8 8451.5 954C.6 8464.4 
l. OOOE-C6 1.633E 04 1.450E 03 ?568.1 8465.3 9652.9 8472.8 
4.000E-C7 3.651E 04 2.537E 03 9641.7 8471.1 97 17.5 8476.4 
l.OOOE-C7 1.228E 05 9738.4 98C2.2 

VELOC ITY-FT/SEC 
EPUIL. FROZEN 

MACH NUMBER 
ECUIL. FROZEN 

135315. 135318. 1 .ooo 1.000 
210864. 210636. 2.129 2.134 
253845. 249525. 3.828 3.981 
276332. 263677. 5.487 6.603 
290615. 269227. 7.019 10.565 
294971. 270360. 7.618 12.683 
300558. 271458. 8.526 16.680 
303716. 271917. 9.130 19.971 
307844. 272363. 10.061 26,198 
310211. 272550. 10.694 31.333 
313323. 11.7c3 
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TABLE 162 

PERFCRHANCE PARAMETERS FOR PYOROGEN AT A STAGNATICN PRESSURE OF 
5C0. ATY AN0 A STAGNATICN TEMPERATURE oF 2COCC0. CEG P 

1HRUA.T FLCW PARAHETERIEQUIL.) = 157.72 LB-SQRTfCEG RI/SEC-FT2-ATM 
THROAT FLOW PARAHETERfFROZEN) = 157.72 LB-SQRT~CEG RI/SEC-FTZ-ATM 

CAX UT FLOW PER UNIT ARE61EQUIL.l = 176.337 LB/SEC-FT i 
PAX UT FLOW PER UNIT AREAfFROZEN) = 176.341 LB/SEC-FTi 

THROAT PRESSURE RATIO~EQUIL.) = 0.4878 
THROAT PRESSURE AATIO(FROZEN) = 0.4879 

ENTROPY = 6.734E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECCLAR WT. 
RATIC EQUIL. FROZEN EQUIL. FROZEN EClJIL. FROZEN 

CHAMBER 2oocoo. 200000. 2.637E 06 2.637E 06 0.5062 0.5062 
THROAT 150 146. 150241. 2.146E 06 2.146E 06 0.5055 0.5C62 

1 .OOOE-C 1 80171. 79971. 1.453E 06 1.453E 06 0.5065 0.5062 
l.OOOE-C2 39866. 32114. 9.619E 05 9.793E 05 0.54cc 0.5062 
l.OOOE-03 28576. 12937. 6.945E 05 7.887E C5 0.6142 0.5062 
l.OOOE-04 22622. 5219. 5.164E 05 7.11BE C5 0.6934 0.5C62 
4.000E-C5 20884. 3638. 4.605E 05 6.961E 05 0.725C 0.5C62 
l.OOOE-C5 18673. 2107. 3.878E 05 6.808E c5 0.7722 0.5062 
4. OOOE-C 6 17419. I.4690 3.462E 05 6.744E 05 0.8C3C 0.5062 
l.OOOE-C6 15750. 851. 2.909E 05 6.6B3E 05 0.8495 0.5062 
4.000E-07 14759. 593. 2.5BBE 05 6.657E C5 0.879; 0.5C62 
l.OOOE-07 13364. 344. 2.159E 05 6.632E C5 0.9235 0.5062 

PRESSURE DENSITY-LB/FT3 
RATIO EQUIL. FROZEN 

CHAMBER l,734E-03 1.734E-03 
THROAT l.l26E-03 l.l26E-03 

l.OOOE-Cl 4.330E-04 4.335E-04 
1 .OOOE-C2 9.279E-05 l.OBOE-04 
l.OOOE-03 1.472E-05 2.6BOE-05 
l.OOOE-04 2.099E-06 6.643E-06 
4.000E-C5 9.5116-07 3.812E-06 
l.OOOE-C5 2.834E-07 1.645E-06 
4.000E-06 1.2646-07 9.441E-07 
l.OOOE-Cb 3.696E-08 4.074E-07 
4.000E-C7 1.633E-08 2.33BE-07 
1.000E-07 4.733E-09 l.O09E-07 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC bAC ISP-SEC 
RATIC EQUI L. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

1HROA 1 l.COCE 00 l.OOOE 00 4868.8 4868.1 7755.4 7795.2 
l.OOOE-Cl 1.673E 00 1.671E 00 7564.7 7564.5 85C8.6 8567.2 
l.OOOE-C2 6.564E 00 5.671E 00 8999.1 8952.3 9352.9 9292.5 
l.OOOE-C3 3.842E 01 2.163E 01 9691.0 9453.1 9921.4 9582.9 
1 .OOOE-04 2.57RE 02 8.552E 01 10125.7 9647.7 102eC.4 9699.0 
4.000E-C5 5.617E 02 1.484E 02 10258.2 9687.1 10393.0 9722.7 
i.OOOE-C5 l.BSSE 03 3.425E 02 10428.1 9725.1 io539.4 9745.7 
4.000E-Cb 4.12OE 03 5.960E 02 10524.3 9740.9 10623.2 9755.2 
i.OOOE-06 1.392E 04 1.379E 03 10650.5 9756.2 10734.0 9764.5 
4.000E-07 3.13CE 04 2.402E 03 10723.1 9762.6 10758.2 9768.3 
l.OOOE-07 1.07CE 05 5.562E 03 10819.6 9768.7 108e3.8 9772.1 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

CACH NUPBER 
ECUIL. FRCZEN 

156650. 156626. l.CCO l.OOC 
243388, 243382. 2.133 2.132 
289536. 288031. 3.085 3.988 
311797. 304145. 5.805 6.640 
325785. 310405. 7.483 10.672 
330046. 311673. 8.124 12.836 
335514. 312896. 9.087 16.933 
338609. 313404. 9.722 20.315 
342668. 313896. 10.691 26.733 
345006. 314101. 11.341 32.039 
348108. 314299. 12.350 42.120 
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TABLE 163 

PERFCRT’ANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
LCCO. ATT’ AYD A STAGNATICN TEMPERATURE OF 5CCO. CEG P 

THROAT FLGW PARAMETER(EQUIL.1 = 288.62 LB-SQRTTCEC RI/SEC-FTZ-ATM 
THROAT FLCW PARAMETERTFROZEN) = 289.29 LB-SQRTICEC RI/SEC-FT2-ATP 

PAX WIT FLGW PER UNIT AREATEQUIL.1 = 4Od1.69C LB/SEC-FT2 
CAX UT FLOW PER UNIT AREATFROZEN) = 4091.241 LB/SEC-FT2 

THROAT PRESSURE RATIOTEQUIL.1 = 0.5458 
THROAT PRESSURE RATIOTFROZEN) = 0.5447 

ENTROPY = 1.692E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R 
KATIO EQIIIL. FROZEN 

CHAMBER 5roo. 5000. 
THROAT 4366. 4346. 

l.OOOE-Cl 2897. 2876. 
l.OOOE-C2 1562. 1539. 
l.OOOE-C3 815. 756. 
l.OOOE-C4 421. 344. 

ENTI-ALPY- BTU/L8 
EQUIL. FROZEN 

1.911E 04 1.9llE 04 
1.632E 04 1.631E 04 
1.031E 04 1.034E 04 
5.376E 03 5.44BE C3 
2.767E C3 2.927E C3 
1.412E 03 1.732E 03 

MCLECLLAR WT. 
ECLIL. FROZEN 
2.C13C 2.0 136 
2.0152 2.C136 
2.C16C 2.0136 
2.C16C 2.0136 
2.016C 2.0136 
2.C16C 2.0136 

PRESSURE DENSITY-LB/FT3 VELOC ITY-FT/SEC CACH NUMBER 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER 5.51 IE-01 5.5 17E-01 
THROAT 3.45 lE-01 3.457E-01 11827. 11834. l-COO l-CCC 

l.OOOE-01 9.533E-02 9.590E-02 20996. 20955. 2.146 2.147 
l.OOOE-C2 1.768E-02 1.792E-02 26223. 26154. 3.587 3.575 
l.O00E-C3 3.388E-03 3.649E-03 28605. 28465. 5.396 5.4c5 
l.OOOE-C4 6.565E-04 8.028E-04 29767. 29497. 7.786 8.128 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC hAC ISP-SEC 
RATIO EQUIL. FROZEN EQuIL. FROZEN ECUIL. FRCZEN 

iHROAT l.OOOE 00 l.OOOE 00 367.6 367.E 650.5 649.6 
l.OOOE-Cl 2.039E 00 2.036E 00 652.6 651.3 758.3 756.6 
l.OOOE-02 8.B06E 00 8.728E 00 815.0 512.9 8CC.7 858-C 
l.OOOE-C3 4.2llE 01 3.939E 01 889.1 884.7 910.9 905.1 
1 .OOOE-C4 2.089E 02 1.728E 02 925.2 916. e 936.0 925.7 



TABLE 164 

PERFCRCANCE PARAMETERS FOR HYCROGEN AT A STAGNATICN PRESSUPE OF 
1cco. ATM AND A STAGNATTCN TEMPERATURE OF 6CCC. CEG P 

THROAT FLOW PERAMETERTEQUIL. 1 = 285.52 LB-SQRTT CEG RI /SEC-FTZ-ATM 
THROAT FLCw PARAHETERTFHOZENI = 287.68 LB-SQHTTCEG RI/SEC-fT2-ATT’ 

PAX wT FLOW PER UNIT AREA(EQUIL.1 = 3686.044 LB/SEC-FTE 
PAX UT FLOW PER UNIT AREAtFROZEN) = 3713.882 LB/SEC-FTi 

THROAT PRESSURE RATIOTEQUIL.) = 0.5512 
THROAT PRESSURE RATIOTFROZEN) = 0.5465 

ENTROPY = 1.781E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R 
RATIO EQUIL. FROZEN 

CHAMBER 6000. 6000. 
THROAT 5322. 5242. 

l.OOOE-Cl 3624. 3514. 
L.OOOE-C2 2006. 1929. 
1.oooi= -c3 1054. 974. 
1 .OOOE-C4 547. 453. 
5.000E-C5 447. 

PRESSURE 
RATIO 

CHAMBEH 
THROAT 

l.OOOE-01 
l.OOOE-C2 
l.OOOE-03 
l.OOOE-C4 
5.000t-C5 

OENSI TY-LB/FT3 
EQUIL. FROZEN 

4.574E-01 4.5746-01 
2.852E-01 2.864E-01 
7.62flE-02 7.809E-02 
1.377E-02 1.423E-02 
2.619E-03 2.817E-03 
5.053E-04 6.057E-04 
3.086E-04 

PRL SSURE NOZZLE AREA RATIO 
RATIC EQUIL. FROZEN 

THROA 1 l.COCE 00 l.OOOE 00 
l.OOOE-Cl 2.07YE 00 2.059E 00 
l.OOOE-C2 9.161E 00 9.018E 00 
1 .OOOE-C3 4.401E 01 4.172E 01 
l.OOOE-04 2.189E 02 1.868f 02 
5.000E-C5 3.557E 02 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

2.402E 04 2.4026 04 
2.069E 04 2.066E C4 
1.32lE 04 1.336E 04 
6.962E 03 7.288E C3 
3.597E 03 4,072E C3 
1.842E 03 2.508E C3 
1.503E 03 

VELOCITY-FT/SEC 
EQUIL. FROZEh 

12923. 12969. l.COO l.OOC 
23267. 23101. 2.144 2.150 
29224. 28944. 3.546 3.555 
31976. 31602. 5.3c9 5.317 
33322. 32818. 7.t60 7.904 
33575. 8.519 

MCLECLLAR NT. 
ECLIL. FROZEN 
2.CO35 2.CO35 
2.c101 2.CO35 
2.C15E 2.0035 
2 .C160 2.0035 
2.C16C 2:OC35 
2.016C 2.0035 
2.016C 

MACH NUMBER 
ECLIL. FROZEN 

IDEAL ISP-SEC bAC ISP-SEC 
EQUIL. FROZEN ECLIL. FROZEN 

401.7 403.1 71e.1 714.7 
723.1 718.C 842.5 835.3 
908.3 899.6 9t0.9 951.0 
993.8 982.2 101S.I lCO6.0 

1035.7 102o.c 1048.2 LC30.6 
1043.5 1053.8 
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TABLE 165 

PERFCRMANCE PARAMETERS FOR hYORCGEN AT A STAGNATICN PRESSUPE OF 
1COO. ATM AND A STAGVATICN TEMPERATURE OF 7CC0. CEG P 

THROAT FLOW PARAHETER(EQU1L.J = 281.22 LB-SQRTtCEG RJ/SEC-FTZ-ATM 
THROAT FLCW PARAMETERtFROZENJ = 285.22 LB-SQRTiCEE RJ/SEC-FTZ-ATM 

PAX UT FLOW PER UNIT AREAIEQU1L.J = 3361.164 LB/SEC-FTZ 
MAX UT FLOW PER UNIT AREAtFROZENJ = 3409.035 LB/SEC-F12 

THROAT PRESSURE RATIO(EQU1L.J = 0.5573 
THROAT PRESSURE RATIOLFROZENJ = 0.54BC 

ENTROPY = l.E73E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECCLAR WT. 
RATIO EQUIL. FROZEN EQUIL. FHOZEN ECUIL. FROZEN 

CHAMBER 7000. 7000. 2.998E 04 2.998E 04 1.975d 1.9754 
THROAT 6317. 6130. 2.609E 04 ‘2.602E 04 1.9907 1.9754 

l.OOOE-Cl 4488. 4138. 1.692E 04 1.7326 04 2.C13C 1.9754 
l.OOOE-C2 2569. 2305. 9.049E 03 1.002E 04 2.C16C 1.9754 
l.OOOE-C3 1371. 1186. 4.702E 03 6.094E 03 2.016C 1.9754 
l.OOOE-C4 713. 561. 2.416E 03 4.147E C3 2.016C 1.9754 
5.000E-C 5 585. 442. 1.974E 03 3.799E C3 2.C16C 1.9754 
l.OOOE-C5 367. 1.231E 03 2.C16C 

PRESSURE DENSITY 
RATIG EQUIL. 

CHAMBER 3.866E-01 
THROAT 2.406E-01 

l.OOOE-C 1 6.146E-02 
l.OOOE-C2 l.O75E-02 
l.OOOE-03 2.015E-03 
l.OOOE-C4 3.871E-04 
5.000E-C5 2.36lE-04 
l.OOOE-C5 7.521E-05 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC bAC ISP-SEC 
RATIG EQLIL. FROZEN EQUIL. FROZEN ECLIL. FRCZEN 

THROAT l.OOCE 00 l.OOOE 00 434.2 438.0 7f5.1 778.2 
l.OOOE-C 1 2.138E 00 2.070E 00 794.9 782.5 929.5 911.0 
l.OOOE-C2 9.660E 00 9.187E 00 1006.2 982.5 lC67.0 1039.5 
l.OOOE-C3 4.689E 01 4.322E 01 1105.7 1074.8 1135.2 1101.7 
l.OOOE-04 2.337E 02 l.966E 02 1154.6 1117.8 1169.3 1130.0 
5. OOOE-C 5 3.803E 02 3.0746 02 1163.9 1125.3 1175.8 1134.8 
l.OOOE-C5 1.178E 03 1179.2 11@6.6 

‘-LB/F13 
FROZEN 

3.866E-01 
2.419E-01 
6.540E-02 
l.l74E-02 
2.281E-03 
4.821E-04 
3.063E-04 

VELOC ITY-Ff/SEC MACH NUMBER 
EQUIL. FROZEN ECLIL. FROZEN 

13970. 14093. l.COO l*COC 
25575. 25177. 2.142 2.151 
32373. 31610. 3.498 3.546 
35575. 34582. 5.188 5.267 
37149. 35964. 7.485 7.764 
37446. 36205. 8.323 8.756 
37939. 10.611 
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TABLE 166 

PERFCRMANCE PARAMETERS FOR HYDROGEN Al A STAGNATICN PRESSUPE CF 
1coo. AT’” AND A STAGNATICN TEMPERATURE OF acct. CEG F 

THROAT. FLCW PPRAMETERIECUIL.) = 275.87 LB-SQRTICEG RI /SEC-FTE-ATM 
THROAT FLOW PPRAMETERIFROZEN) = 281.24 LB-SQRTICEG RI/SEC-FTE-ATM 

PAX kT FLOW PER UNIT AREAIEQuIL.1 = 3084.288 LB/SEC-FTZ 
PAX WT FLOW PER UNIT AREA(FROZEN) = 3144.358 LB/SEC-FT2 

THROAT PRESSURE RATIOIEtJJIL.1 = 0.5614 
THROAT PRESSURE RATIOIFROZEN) = 0.547e 

ENTROPY = l.S74E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R 
RATIO EQUIL. FROZEN 

CHAlc(t3ER 8COO. 8000. 
THROAT 7?10. 7003. 

l.OOOE-Cl 5480. 4724. 
l.OcJOE-C2 3332. 2639. 
l.OOOE-C3 le26. 1367. 
1 .OOOE-C4 956. 651. 
5.000E-05 785. 513. 
l.OOOE-C5 495. 289. 

PRESSURE 
RATIO 

CHAMBER 
THROAT 

l.OOOE-01 
l.OOOE-C2 
l.OOOE-C3 
l .OOOE-G4 
5.000E-C5 
l.OOOE-C5 

PRESSURE 
RATIC 

THROAT 
l.OOOE-Cl 
l.oOOE-C2 
l.OOOE-C3 
1 .OOOE-C4 
5.000E-C5 
l.OOOE-C5 

DENS1 TY- 
EQUIL. 

3.287E-01 
2.045E-01 
4.995E-02 
8.288E-03 
1.513E-03 
2.888E-04 
1.759E-04 
5.580E-05 

,LB/FT3 
FROZEN 

3.287E-01 
2.057E-01 
5.566E-02 
9.965E-03 
1.923E-03 
4.036E-04 
2.560E-04 
9.083E-05 

NOZZLE AREA RATIO 
ECUIL. FROZEN 

l.OOOE 00 l.OOOE 00 
2.20eE 00 2.070E OC 
1.040E 01 9.207E 00 
5.152E 01 4.359E 01 
2.576E 02 1.996E 02 
4.194E 02 3.125E 02 
1.303E 03 8.718E 02 

ENTHALPY- BTU/LB MCLECLLAR WT. 
EQUIL. FROZEN ECUIL. FROZEN 

3.760E 04 3.760E 04 1.9194 1.9194 
3.306E 04 3.293E C4 1.943E 1.9194 
2.198E 04 2.272E 04 1.99ac 1.9194 
1.203E 04 1.414E 04 2.ClSE 1.9194 
6.3136 03 9.495E C3 2.016C 10.9194 
3.257E 03 7.178E 03 2.016C 1.9194 
2.664E 03 6.761E C3 2eCl6C 1.9194 
1.665E 03 6.109E 03 2.C160 1.9194 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

15081. 15287. l.CCC l.OOC 
27966. 27296. 2.151 2.152 
35779. 34273. 3.430 3.547 
39576. 37510. 5.022 5.259 
41464. 39026. 7.225 7.725 
41821. 39292. 8.C36 8.702 
42414. 39705. 10.239 11.567 

IDEAL ISP-SEC 
E4UIL. FROZEh 

468.7 475.1 
869.2 848.4 

1112.1 1065.3 
1230.1 1165.5 
1288.8 12L3.C 
1299.8 1221.2 
1318.3 1234.1 

)rACH NLb’8ER 
ECLIL. FROZEN 

GAC ISP-SEC 
ECLIL. FROZEN 
853.9 043.8 

102C.7 987.6 
1 lE3.4 1127.2 
1265.4 1195.2 
13ce.4 1226.4 
1314.2 1231.7 
1327.2 1240-C 
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TA@LE 167 

PERFCRCANCE PARAMETERS FOR hYDROGEN AT A STAGNATICN PRESSURE OF 
1COO. ATM AND A STAGNATICN 1EMPERATURE OF 9coo. CEG R 

THROAT FLCW PARAMETERIEQU1L.l = 269.24 LB-SQRTICEG RI/SEC-FTZ-ATM 
THROAT FLOW PARAHETERIFROZEN) = 275.40 LB-SORTICEG RI/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREAIEQUIL.) = 2838.018 LB/SEC-FT2 
PAX WT FLOW PER UNIT AREAIFROZEN) = 2903.008 LB/SEC-FTZ 

THROAT PRESSURE PATIOIEOU1L.l = 0.5627 
THROAT PRESSURE RATIO(FROZENl = 0.5461 

ENTROPY = 2.C89E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB HCLECCLAR WT. 
RATIC EQUIL. FROZEN EOUIL. FROZEN ECLIL. FROZEN 

CHAMBER 9coo. 9000. 4.739E 04 4.739E 04 l.E31f 1.8315 
THROAT 8 271. 7847. 4.205E 04 4.187E 04 1.8625 1.8315 

l.OOOE-Cl 6443. 5247. 2.886E 04 2.994E 04 1.947t 1.8315 
1. OOOE-C 2 4341. 2900. 1.643E 04 2.000E 04 2.01c7 1.8315 
l.OOOE-03 2499. 1491. 8.783E 03 1.468E 04 2.ClbC 1.8315 
l. OOOE-C4 1330. 706. 4.560E 03 1.204E C4 2.C16C 1.8315 
5.000E-C5 1094. 556. 3.735E 03 1.156E 04 2.016C 1.8315 
l.OOOE-C5 692. 313. 2.342E 03 1.082E 04 2.C16C 1.8315 
5.000E-06 567. 1.913E 03 2.C16C 
l.OOOE-06 356. 1.193E 03 2.G16C 

PRESSURE DENSITY-LB/FT3 
RATIG EQUIL. FROZEN 

CHAMBER 2.78RE-01 2.788E-01 
THROAT 1.736E-01 1.746E-01 

l.OOOE-01 4.141E-02 4.781E-02 
l.OOOE-C2 6.345E-03 8.653E-03 
1 .OOOE-C3 l.lOTE-03 1.683E-03 
l.OOOE-04 2.076E-04 3.551E-04 
5.000E-C5 1.262E-04 2.25bE-04 
l.OOOE-C5 3.991E-05 8,025E-05 
5.000E-06 2.434E-05 
l.OOOE-C6 7.759E-06 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC LAC ISP-SEC 
RATIC EQUIL. FROZEN EOUILo FROZEN ECLIL. FROZEN 

THROAT l.OOOE 00 l.OOOE 00 508.1 516.7 927.6 914.8 
l.OOOE-Cl 2.25CE 00 2.054E 00 946.7 918.5 1114.5 1068.3 
l.OOOE-C2 1.136E 01 9.061E 00 1223.5 1150.8 13C8.2 1216.9 
1.000E-C3 5.841E 01 4.263E 01 1366-4 1257.7 14c9.9 1288.8 
l.OOOE-C4 2.952E 02 1.943E 02 1439.2 1307.5 1461.2 1321.7 
5.000E-C5 4.8OSE 02 3.039E 02 1453.0 1316.2 147c.9 1327.3 
1.000E-C5 l.497E 03 8.455E 02 1476.0 1329-E 14e7.1 1335.9 
5.000E-06 2.4446 03 1483.0 1492.1 
1 .OOOE-C6 7.606E 03 1494.7 15co.3 

VELOCITY- FT/SEC PACH NUMBER 
EQUIL. FROZEh ECLIL. FRCZEN 

16348. 
30460. 
39365. 
43962. 
46303. 
46747. 
47487. 
47713. 
48089. 

16626. 
29553. 
37026. 
40467. 
42069. 
42349. 
42784. 

l-CCC l.OOC 
2.164 2.152 
3.371 3.561 
4.811 5.296 
6.853 7.799 
7.621 8.791 
9.714 11.701 

10.768 
13.658 



TABLE 168 

PERFCRHANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSLRE OF 
1coo. ATM AND A STAGNATICN TEMPERATURE OF lOCC0. CEG P 

THROAT FLCw PARAMETER(EQUIL.1 = 261.23 LB-SQRTt CEG RI /SEC-FTZ-ATM 
THROAT FLCW PPRAMETERtFROZEN) = 267.93 LB-SQRTTCEG RI/SEC-FTZ-ATM 

MAX WT FLOivJ PER UNIT AREALEQUIL.1 = 2612.334 LB/SEC-FT2 
PAX kT FLOW PER UNIT AREPIFROZEN) = 2679.33C LB/SEC-FT; 

THROAT PRESSURE RATIOIEOUIL.1 = 0.5617 
THROAT PRESSURE RATIOiFROZEN) = 0.5428 

ENTROPY = 2.218E 01 BTU/LB-DEG A 

PRESSURE TEMPERATURE-DEG R 
RATIG EQLIL. FROZEN 

CHAMBER 10000. 10000. 
THROAT 9 194. 8650. 

l.OOOE-Cl 7280. 5687. 
l.O00E-C2 5340. 3067. 
l.OOOE-C3 3460. 1543. 
l.OOOE-C4 1910. 718. 
5.000E-C5 1577. 563. 
l.OOOE-C5 1002. 314. 
5.000E-C6 823. 
l.OOOE-C6 519. 
5.000E-C7 425. 

PRESSURE 
RATIO 

CHAMBER 
THROAT 

l.OOOE-C 1 
l.OOOE-C2 
l.O00E-C3 
l.OOOE-C4 
5.000E-C5 
l.OoOE-C5 
5.000E-C6 
l.OOOE-06 
5.OOOE-07 

PRESSURE 
RATIO 

THROAT 
l.OOOE-Cl 
l.OOOE-02 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-05 
5.000E-C6 
l.OOOE-Cb 
5.000E-C7 

DENS1 TY-LB/FT3 
EQUIL. FROZEN 

2.352E-01 2.352E-01 
1.467E-01 1.476E-01 
3.495E-02 4.135E-02 
5.058E-03 7.667E-03 
7.978E-04 1.524E-03 
1.4466-04 3.2736-04 
8.755E-05 2.088E-04 
2.755E-05 7.490E-05 
1.678E-05 
5.32CE-06 
3.250E-06 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOOE 00 l.OOOE 00 
2.257E 00 2.025E 00 
1.202E 01 8.75bE OC 
6.750E 01 4.043E 01 
3.510E 02 1.814E 02 
5.731E 02 2.826E 02 
1.788E 03 7.804E 02 
2.920E 03 
9.126E 03 
1.490E 04 

ENTHALPY-BTU/LB 
EOUIL. FROZEN 

5.958E 04 5.9586 04 
5.325E 04 5.300E 04 
3.768E 04 3.913E 04 
2.268E 04 2.777E C4 
1.258E 04 2.182E 04 
6.618E 03 1.892E C4 
5.429E 03 1.841E 04 
3.416E 03 1.762E C4 
2.795E 03 
1.748E 03 
1.427E 03 

MCLEClLAR WT. 
Er;LIL. FROZEN 
1.7167 1.7167 
1.7526 1.7167 
1.857C 1.7167 
L.S7lE 1.7167 
2.C151 1.7167 
2.C16C 1.7167 
2.016C 1.7167 
2.016C 1.7167 
2.C16C 
2.016C 
2.016C 

VELOCITY-FT/SEC 
EQuIL. FRO2 EN 

MACH NUMBER 
ECLIL. FROZEN 

17810. 18157. l.CCO 1.000 
33115. 31996. 2.172 2.151 
42983. 39909. 3.382 3.588 
48507. 43481. 4.5e7 5.381 
51492. 45116. 6.394 7.99c 
52067. 45399. 7.089 9.026 
53026. 45836. 9.027 12.068 
53318. lO.CC9 
53807. 12.687 
53957. 14.045 

IDEAL ISP-SEC 
EOUIL. FROZEN 

553.6 564.4 
1029.2 994.5 
1336.0 1240.4 
1507.6 1351.4 
1600.4 1402.2 
1618.3 141l.C 
1648.1 1424.t 
1657.2 
1672.4 
1677.0 

LAC ISP-SEC 
ECUIL. FROZEN 

lOC8.5 993.0 
1212.0 1154.4 
1433.3 1309.6 
1562.3 1383.4 
1628.9 1416.6 
1641.5 1422.2 
1662.6 1430.8 
16t9.0 
1679.8 
16E3.1 
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TABLE 169 

PERFCRMANCE FARAHETERS FOR HYDROGEN AT A STAGNATICN PRESSUPE CF 
1coo. ATP AND A STAGNATICN TEMPERATURE OF 12CO0. CEG R 

THKOAT FLCW PARAMETEK(EQlJIL.1 = 242.25 LB-SQRTT CEG RI /SEC-FTZ-ATM 
THROAT FLCW PARAHETERtFROZEN) = 242.71 LB-SQRTtCEG RJ/SEC-FTZ-ATM 

PAX kT FLOW PER UNIT AREA(EQUIL.l = 2211.408 LB/SEC-FT2 
/‘Ax WT FLOW PER UNIT AREAtFROZENl = 2215.641 LB/SEC-FTf 

THROAT PRESSURE RATIOLEQUIL.) = 0.5555 
THROAT PRESSURE RATIOtFROZEh) = 0.5120 

ENTROPY = 2.508E 01 BTU/LB-DEG R 

PRESSURE 
RATIO 

CHAMBEH 
THROAT 

l.OOOE-Cl 
lrOuOE'C2 
I .OOOE-t3 
l.OOOE-C4 
5.0OOE-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-07 

PRESSURE 
RATIG 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
1.000t-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5. OOOE-C 6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-07 

PRESSURE 
RATIO 

THKOA T 
l.OOOE-01 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-06 
l.OOOE-C6 
5.000E-07 
l.OoOE-07 

TEMPERATURE-DEG R 
EQ’fIL. FROZEN 
12000. 12000. 
10514. 9973. 

8686. 6241. 
eeeur 30071 
5222. C43F. 
3878. 630. 
3391. 487. 
2274. 
1885. 
1203. 

989. 
625. 

DENSITY-LB/FT3 
EQUIL. FROZEN 

1.646E-01 1.646E-01 
l.O34E-01 l.O14E-01 
2.537E-02 3.166E-02 
3.634E-03 6.400E-03 
5.002E-04 1.375E-03 
7.07 3E-05 3.13bE-04 
4.066E-05 2.029E-04 
1.214E-05 
7.324E-06 
2.296E-06 
1.397E-06 
4.420E-07 

NOZZLE AREA RATIO IOEAL ISP-SEC 
EOUIL. FROZEN EQUIL. FKOZEN 

l.OOCE 00 l.OOOE 00 664.9 678.8 
2.243E 00 1.887E 00 1207.8 1152.8 
1.207E 01 7.572E 00 1567.6 1421.1 
7.71KE 01 3.266E 01 1780.6 1533.8 
5.061E 02 1.3BBE 02 1920.1 1582.2 
8.664E 02 2.134E 02 1951.3 1590.2 
2.822E 03 2005.8 
4.640E 03 2022.8 
1.459E 04 2051.5 
2.389E 04 2060.2 
7.495E 04 2075.0 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

9.114E 04 9.114E 04 
8.2OOE 04 8.161E C4 
6.098E 04 6.366E 04 
SrO32E 04 c)r93BE 04 
2.!558E 04 4.25OE 64 
1.490E 04 3.938E C4 
1.241E 04 3.885E 04 
7.945E 03 
6.528E 03 
4.116E 03 
3.369E 03 
2.111E 03 

MCLECLLAR WT. 
ECUIL. FROZEN 
1.442? 1.4423 
1.4826 1.4423 
1 .tOef 1.4423 
1.1665 A.4423 
I .9CbC 1.4423 
2.0023 1.4423 
z-c125 1.4423 
2 .C16C 
2.C16C 
2.OlCC 
2.C16C 
2.GlbC 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

T’ACH NUMBER 
ECLIL. FROZEN 

21394. 21841. 1 .coo l.GCC 
38858. 37091. 2.161 2.124 
50437. 45723. 3.408 3.66C 
57288. 49347. 4 -562 5.67C 
61777. 50904. 5 -692 8.677 
62780. 51165. 6.056 9.88C 
64535. 7.382 
65083. 8.132 
66004. 10.265 
66286. 11.361 
66760. 14.363 

LAC I SP-SEC 
EELIL. FROZEN 

115t.4 1167.9 
1422.4 1333.1 
1683.1 1493.4 
1854.4 1565.0 
19ta.5 1595.4 
1952.7 lbC0.4 
2032.8 
2045.0 
2065.4 
2071.7 
2oe2. i 



TABLE 170 

PERFCRCANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSUFE OF 
1CCO. ATM AND A STAGNATICN 1EHPERATURE OF 14COO. CEG R 

THROAT FLCW PARAMETERLEQUIL.1 = 228.87 LB-SQRTLCEG R)/SEC-FTZ-ATM 
TiiROAT FLCk PARAMETERIFROZENI = 237.57 LB-SQRTLOEG R)/SEC-FTZ-ATM 

CAX WT FLOW PER UNIT AREALEQlJIL.1 = 1934.341 LB/SEC-FT2 
PAX WT FLOW PER UNIT AREP(FROZEN1 = 2007.794 LB/SEC-F12 

THROAT PRESSURE RATIO(EQUIL.1 * 0.5476 
THROAT PRESSURE RATIO(FROZEN1 = 0.5165 

ENTROPY = 2.750E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R 
RATIO EOUIL. FROZEN 

CHAMBER 14000. 14000. 
THROAT 12478. 11339. 

l.OOOE-Cl 9678. 6629. 
l.OOOE-C2 7359. 2928. 
1 .OOOE-C3 5880. 1174. 
l.OOOE-C4 4788. 436. 
5.000E-C5 4492. 
l.OOOE-C5 3 783. 
5.000E-C6 3414. 
l.OOOE-C6 2 364. 
S.OOOE-07 1963. 
l.OOOE-C7 1254. 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

1.224E 05 1.224E 05 
1.099E 05 1.091E 05 
8.316E 04 8.6156 04 
5.729E 04 6.9416 C4 
3.905E 04 6.232E C4 
2.545E 04 5.957E C4 
2.217E 04 
1.537E 04 
1.288E 04 
8.282E 03 
6.807E 03 
4.294E 03 

HCLECLLAR WT. 
ECUIL. FROZEN 
1.247E 1.2478 
1.287! 1.2478 
i .4iie 1.2478 
1.5751 1.2478 
1.7310 1.2478 
1.8728 1.2478 
1.9111 
1.9845 
2.0051 
2.C16C 
2.G16C 
2.C16C 

PRI: SSURE 
RATIO 

CHAMtlER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-04 
5.OOOE-Csj 
l.OOOE-05 
5.000E-C6 
l.OOOE-C6 
5.000E-07 
l.oooE-07 

DENSITY-LE/FT3 
EQUIL. FROZEN 

1.22 lE-01 1.22lE-01 
7.740E-02 7.786E-02 
1.998E-02 2.578E-02 
2.932E-03 5.837E-03 
4.033E-04 1.4566-03 
5.359E-05 3.917E-04 
2.914E-05 
7.189E-06 
4.022E-06 
l.l68E-06 
7.034E-07 
2.202E-07 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

MACH NUMBER 
ECUIL. FROZEN 

24990. 25786. 1 .coo l.OOC 
4433s. 42614. 2.168 2.137 
57104. 51516. 3.456 3.767 
64603. 54853. 4.640 6.129 
69639. 56092. 5.793 10.062 
70843. 6.141 
73207. 6.947 
74053. 7 -280 
75591. 8.495 
76078. 9.326 
76900. 11.716 

PRESSURE NOZZLE AREA RATIO I DEAL I SP-SEC VAC ISP-SEC 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

THROAT l.COOE 00 l.OOOE 00 776.7 801.5 13 75.8 1345.8 
l.OOOE-Cl 2.183E 00 1.1327E 00 1378.0 1324.5 1616.8 1517.1 
l.OOOE-C2 1.155E 01 6.6776 00 1774.8 1601.2 19C1.2 1671.5 
l.OOOE-C3 7.42SE 01 2.513E 01 2007.9 1704.9 ZOES. 1 1731.4 
l.OOOE-04 5.183E 02 9.138E 01 2164.5 1743.4 2221.2 1753.c 
5.000E-C5 9.371E 02 2201.9 2253.1 
l.OOOE-C5 3.676E 03 2275.4 2315.6 
5,00OE-06 6.494E 03 2301.6 2337.2 
l.OOOE-06 2.191E 04 2349.4 2373.4 
5.000E-C7 3.615E 04 2364.6 23E4.3 
l.OOOE-C7 1.142E OS 2390.1 24C2.6 
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TABLE 171 

PERFCRCANCE PARAMETERS FOR I-YOROGEN Al A STAGNATICN PRESSUPE CF 
1COO. ATC AND A STAGNATICN TEMPERATURE OF 16CCC. CEG P 

THROAT FLCW PARAMETER(EGUIL.1 = 222.36 LB-SORT{ CEG R1 /SEC-FTP-ATM 
THROAT FLCW PARAMETERLFROZEN) = 230.53 LB-SORTtCEG R)/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREALEQUIL.1 = 1757.901 LB/SEC-FTi 
MAX WT FLOW PER UNIT AREALFROZENI = 1822,535 LB/SEC-FT2 

THROAT PRESSURE RATIO(EQUIL.l = 0.5404 
THROAT PRESSURE RATIOLFROZEN) = 0.5C55 

ENTROPY = 2.518E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-OEG R ENTHALPY-BTU/L 8 HCLECCLAR WT. 
RATIO EQUIL. FROZEN EQUIL. FROZEh ECLIL. FROZEN 

CHAMBER 16000. 16000. 1.476E 05 1.476E 05 1.1375 1.1379 
THROAT 13883. 12596. 1.318E 05 1.306E C5 1.1734 1.1379 

1. OOOE-C 1 10402. 7076. l.OOlE 05 1.03SE 05 1.2FC3 1.1379 
l.OOOE-02 7780. 2975. 7.004E 04 8.436E 04 1.451E 1.1379 
l.OOOE-C3 6208. 1170. 4.925E 04 7.655E C4 1.609C 1.1379 
1 .OOOE-C4 5115. 439. 3.391E 04 7.354E 04 1.7573 1.1379 
5. OOOE-C 5 4v39. 3.005E 04 1.799t 
l.OOOE-05 4751. 2.218E 04 1.891s 
5.OOOE-C6 4006. 1.921E 04 1.5’28C 
1 l OOOE-C6 3373. 1.317E 04 l.SFSC 
5.0OOE-C7 3007. 1.098E 04 2.CllC 
l.OOOE-07 2017. 7.004E 03 2.C16C 

PRESSURE DENSITY-LB/FT3 
RATIO EQ’iI L. FROZEN 

CHAMBER 9.742E-02 9.742E-02 
THROAT 6.257E-02 6.256E-02 

l.OOOE-Cl 1.699E-02 2.203E-02 
l.OOOE-C2 2.556E-03 5.24OE-03 
l.OUOE-03 3.55OE-04 1.333E-03 
l.OOOE-C4 4.706E-05 3.548E-04 
5,.0OOE-C5 2.547E-05 
l.OOOE-C5 6.097E-06 
5.000E-C6 3.297E-06 
l.OOOE-C6 8,105E-07 
S.OOOE-C7 4.58CE-07 
L.OOOE-07 1.369E-07 

PRESSURE NOlZLE AREA RATIO I DEAL ISP-SEC VAC ISP-SEC 
RATIO EQUIL. FROZEN EQUIL, FROZEN ECLIL. FROZEN 

THROAT l.OOCE 00 l.OOOE 00 073.2 905.5 1523.8 1492.4 
l.OOOE-Cl 2.121E 00 1.761E 00 1515.9 1460.C 1771.2 1664.5 
l.OOOE-C2 1.104E 01 6.183E 00 1936.4 1748.5 2069.3 1820.3 
l.OOOE-C3 7.057E 01 2.294E 01 2180.7 1853.4 2265.6 1eec.o 
l.OOOE-04 4.9filE 02 e.438E 01 2344.6 1892.2 24C4.2 1902.0 
5.000E-05 8.998E 02 2384.0 2438.2 
l.OOOE-CS 3.639E 03 2462.6 25CC.4 
5.000E-C6 6.651E 03 2491.6 2531.7 
l.OOOE-C6 2.644E 04 2549.5 25C1.3 
5.0OOE-07 4.641E 04 2570.3 2598.2 
1 .OOOE-07 1.531E 05 2607.4 2625.8 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

28096. 29134. 
48771. 46975. 
62302. 56256. 
70162. 59632. 
75436. 60881. 
76704. 
79231. 
80166. 
82028. 
82696. 
83889. 

MACH NUMBER 
ECUIL. FROZEN 

l.COO l.OCC 
2.181 2.134 
3.5c7 3.849 
4.724 6.367 
5.898 10.477 
6.248 
7.C65 
7.421 
8.234 
8.556 

10.152 



1ARLE 172 

PERFCRCANCE PARAMETERS FOH T-YDROGEN AT i STAGNATICN PRESSURE OF 
ICCO. ATM AND A STAGNATICN TEMPERATURE OF 18CC0. CEG f 

TiiROAT FLCW PPRAWETERIEOUIL. 1 = 220.43 LB-SQRTICEC RI/SEC-FTZ-ATM 
THROAT FLCW PARAMETERIFROZEN) = 227.04 LB-SCRTfCEE RI/SEC-FTZ-ATM 

FAX WT FLOW PER UNIT AREPLEQUIL.) = 1642.963 LB/SEC-FTi 
CAX WT FLOW PER UNIT AREPIFRGZEN) = 1692.257 LB/SEC-FT2 

THROAT PRESSURE RATIOIECUIL.) = 0.5343 
THROAT PRESSURE RATIOTFROZEN) = 0.4987 

ENTROPY = .3.C29E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB HCLECLLAR WT. 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER 18000. 18COO. 1.664E 05 1.664E C5 1.0824 i .0824 
THROAT 15171. 13921. 1.476E 05 1.461E C5 1.1111 1.0824 

l.OOOE-Cl 10833. 7646. l.llOE 05 1.152E 05 1.2145 1.0824 
l.OOOE-C2 8051. 3131. 7.B82E 04 9.3686 c4 1.3769 1.0824 
l.OOOE-C3 6398. 1221. 5.624E 04 8.508E c4 1.5331 1.0824 
1 .OOOE-C4 5282. 461. 3.967E 04 8.177E C4 i.te2i 1.0824 
5.000E-C5 5co7. 3.551E 04 1.7253 
l.OOOE-C5 4438. 2.700E 04 1.8214 
5.000E-C6 4213. 2.377E 04 i.86oc 
1 .OOOE-C6 3701. 1.711E 04 1.943F 
5.000E-C7 3463. 1.459E 04 1.9742 
l.OOOE-07 2694. 9.606E 03 2 .c 14-z 

PRESSURE DENS1 TY-LB/FT3 
RATIC EQUIL. FROZEN 

CHAMBER 8.237E-02 8.237E-02 
THKOAT 5.361E-02 5.3llE-02 

l.OOOE-C 1 1.536E-02 1.939E-02 
l.OOOE-C2 2.343E-03 4.736E-03 
l.OOOE-C3 3.283E-04 1.214E-03 
l.OOOE-C4 4.363E-05 3.214E-04 
Lj.OOOE-C5 2.36OE-05 
l.OOOE-C5 5.622E-06 
5.000E-C6 3.025E-06 
l.OOOE-C6 7.19SE-07 
5.000E-07 3.905E-07 
l.OOOE-07 l.O24E-07 

PRESSURE NOZZLE AREA RATIO I DEAL I SP-SEC LAC ISP- SEC 
RATIC EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

THROAT l.OOCE 00 l.OOOE 00 952.6 990.3 164C.7 1613.9 
l.oOOE-C 1 2.032E 00 1.724E OC 1636.6 1573.6 1858.3 1789.1 
1 .OOOE-C2 1.059E 01 5.924E 00 2057.5 1874.6 2193.9 1948.7 
l.OOOE-C3 6.741E 01 2.185E 01 2307.6 1982.5 2354.5 2c09.8 
l.OOOE-C4 4.729E 02 8.092E 01 2475.1 2022.4 2536.0 2032.5 
5.000E-C5 8.602E 02 2515.4 25 70.8 
l.OOOE-C5 3.499E 03 2595.9 2641.0 
5.000E-Cb 6.4296 03 2625.9 2667.3 
l.OOOE-C6 2.642E 04 2686.5 272C.5 
5.000E-C7 4.82eE 04 2709.1 274C.2 
1 .OOOE-C7 1.8llE 05 2753.2 2776.5 

VELOC IT Y-FT/SEC 
EQUIL. FROZEN 

30648. 
52657. 
66197. 
74246. 
79635. 
80931. 
83522. 
84486. 
86435. 
87162. 
88582. 

31863. 
50628. 
60315. 
63785. 
65070. 

FACH NUMBER 
ECUIL. FROZEN 

I .coo l.COC 
2.222 2.132 
3.558 3.899 
4.801 6.502 
5.995 10.701 
6.350 
7.174 
7.530 
8.368 
8.729 
9.517 



TABLE 173 

PERFCRCANCE FARAMETERS FOR hYOROGEN AT I! STAGNATICN PRESSURE OF 
1CCO. AT)r AND A STAGNATICN TEMPERATURE OF ZCCOO. CEG A 

THROAT FLCW P@RAMETERlEQUIL.) = 219.61 LB-SQRTLCEG RI/SEC-FT2-ATM 
THROAT FLOW PLRAHETERIFROZEYI = 225.11 LB-SQRTICEG RI/SEC-FTZ-ATM 

MAX wT FLOW PER UNIT AREAIEQUIL.) = 1552.895 LB/SEC-FTZ 
PAX WT FLOW PER UNIT AREAIFROZEN) = 1591.762 LB/SEC-FT2 

THROAT PRESSURE RATIOIEQUIL.) = 0.5187 
THROAT PRESSURE RATIOIFROZEA) = 0.4947 

ENTROPY = 3.113E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECCLAR WT. 
RATIO EQUIL. FROZEN EQUIL. FROZEh ECUIL. FROZEN 

CHAMBER 20000. 20000. 1.82lE 05 1.821E 05 1.052C 1.0526 
THROAl 16401. 15314. 1.599E 05 1.588E 05 1.0742 1.0526 

l.OOOE-Cl 11316. 8310. 1.202E 05 1.242E C5 1.1654 1.0526 
l.OOOE-C2 8259. 3356. 8.5626 04 1.004E 05 1.324C 1.0526 
l.OOOE-C3 6533. I3C4. 6.163E 04 9.089E C4 i -4787 1.0526 
l.OOOE-C4 5393. 495. 4.413E 04 8.725E 04 1.627r 1.0526 
5.000E-05 5117. 3,974E 04 1.6707 
l.OOOE-C5 4551. 3.076E 04 1.7675 
5.000E-C6 4332. 2.734E 04 lI808i 
l.OOOf-C6 3855. 2.027E 04 1.896d 
5.OOOE-07 3652. 1.757E 04 1.9312 
l.OOOE-C7 3109. 1.204E 04 1.9972 

PRESSURE DENSITY-LB/FT3 
RATIO EQUIL. FROZEN 

CHAMBER 7.210E-02 7.210E-02 
TH&OAT 4.654E-02 4.65eE-02 

l.OOOE-Cl 1.411E-02 1.735E-02 
l.OOOE-C2 2.196E-03 4.296E-03 
l.OOOE-C3 3.10 LE-04 l.l05E-03 
l.OOOE-C4 4.133E-OS 2.915E-04 
5.000E-C5 2.236E-OS 
l.OOOE-C5 5.32 LE-06 
5.000E-C6 2.859E-06 
l.OOOE-C6 6.739E-07 
5.000E-07 3.622E-07 
l.OOOE-07 R.ROlE-08 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC VAC I SP-SEC 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECLIL. FKOZEN 

THROAT l.OOOE 00 l.OOOE 00 1037.0 1062.C 1743.8 1719.7 
l.OOOE-Cl 1.977E 00 1.704E 00 1730.3 1673.7 1959.7 lSCC.2 
l.OOOE-C2 l.Ol’E 01 5.792E 00 2160.1 1988.4 2258.8 2C65.4 
l.OOOE-03 6.449E 01 2.131E 01 2413.8 2100.4 25C1.7 2128.7 
l.OOOE-C4 4.520E 02 7.924E 01 2583.2 2141o.E 2644.8 2152.3 
S.OOOE-C5 8.225E 02 262309 26eo.c 
l.OOOE-C5 3.353E 03 2705.5 2751.1 
S.OOOE-C6 6.171E 03 2735.9 27 17.9 
l.OOOE-C6 2.560E 04 2797.6 2812.5 
5.000E-C7 4.724E 04 2820.9 2853.0 
l.OOOE-07 l.Yl2E 05 2867.8 2853.9 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

33365. 
55672. 
69500. 
77661. 
83111. 
84423. 
87045. 
88023. 
90010. 
90758. 
92269. 

34170. 
53851. 
63976. 
67577. 
68911. 

IvACH NUMBER 
ECLIL. FROZEN 

1 .coo l.OOC 
2 0237 2.131 
3.608 3.927 
4.876 6.573 
6.089 10.817 
6.449 
7.281 
7.640 
8.481 
8 .a48 
9.679 



TABLE 174 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSUFE OF 
loco. ATM AND A STAGNATICN TEMPERATURE OF 3CCC0. CEG R 

THROAT FLOrJ PARAHETER(EQUIL.1 = 208.33 LB-SQRTiCEG RI/SEC-FTZ-ATM 
THROAT FLCW PARAHETERtFROZEN) = 218.74 LB-SQRTfOEG RI/SEC-FTZ-ATM 

PAX ht FLOW PER UNIT AREA(EQUIL.1 = 1202.786 LB/SEC-FT; 
PAX WT FLOW PER UNIT AREAfFROZEN) = 1262.897 LB/SEC-FT2 

THROAT PRESSURE AATIOtEQU1L.J = 0.539C 
THROAT PRESSURE RATIO(FROZEN1 = 0.4SC9 

ENTROPY = 3.417E 01 BTU/LB-OEG R 

PRESSURE TEMPERATURE-DEG R 
RATIG EQUIL. FROZEN 

CHAMBER 3ocoo. 30000. 
THROAT 25503. 22934. 

l.OOOE-Cl 14816. 12265. 
1.OOOE-C2 9160. 4897. 
l.OOOE-C3 7010. 1907. 
l.OOOE-C4 5742. 729. 
S.OOOE-C5 5447. 545. 
1.000E-C5 4862. 276. 
5.000E-C6 4644. 
l.OOOE-C6 4194. 
S.OoOE-07 4019. 
L.OOOE-C7 3644, 

PRESSURE 
RAT IC 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-02 
l.OOOE-03 
l.OOOE-C4 
S.OOOE-C5 
l.OOOE-C5 
5. OOOE-C 6 
l.OOOE-C6 
S.OOOE-07 
l.OUOE-07 

PRESSURE 
RATIC 

THROAT 
l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-04 
S.OOOE-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
1 .OOOE-07 

DENSITY-LB/FT3 
EQUIL. FROZEN 

4.54 1E-02 4.54lE-02 
2.913E-02 2.916E-02 
9.565E-03 l.lllE-02 
i.728E-03 2.782E-03 
2.543E-04 7.145E-04 
3.447E-05 1.869E-04 
1.870E-05 1.250E-04 
4.46 LE-06 4.929E-05 
2.395E-06 
5.605E-07 
2.990E-07 
6,92OE-08 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOCE 00 l.OOOE 00 
1.785E 00 1.678E 00 
8.144E 00 5.656E 00 
5.043E 01 2.087E 01 
3.514E 02 7.827E 01 
6.39’E 02 1.166E 02 
2.612E 03 2.946E 02 
4.818E 03 
2.020E 04 
3.760E 04 
1.60lE 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

2.580E 05 2.580E 05 
2.239E 05 2.205E 05 
1.589E 05 1.6636 05 
1.12OE 05 1.293E 05 
8.224E 04 1.147E 05 
6.109E 04 1.091E C5 
5.584E 04 1.082E C5 
4.5llE 04 l.069E C5 
4.103E 04 
3.257E 04 
2.93lE 04 
2.250E 04 

MCLECLLAR WT. 
ECUIL. FROZEN 
0.9945 0.9945 
1 .CObC 0.9945 
1.0345 0.9945 
1.155r 0.9945 
1.3013 O-9945 
1.444 f c-9945 
1.4871 0.9945 
1.5834 0.9945 
1.6235 
I.7155 
1.7545 
1.84G5 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

T’ACH NUMBER 
ECLIL. FROZEN 

41297. 43309. 1.000 l.OCC 
70447. 6775C. 2.234 2.129 
85482. 80261. 3.889 3.960 
93805. 84696. 5.306 6.638 
99288. 86347. 6.t28 10.893 

100604. 86601. 7.Cl6 12.628 
103238. 86968. 7.908 17.783 
104223. 8.289 
106234. 9.172 
10.6999. 9.552 
108582. 10.442 

[DEAL ISP-SEC 
EQUIL. FROZ Eh 
1283.6 1346.1 
2189.6 2105.7 
2656.9 2494.6 
2915.5 2632.4 
3086.0 2683.8 
3126.9 2691.6 
3208.7 2703-C 
3239.3 
3301.9 
3325.6 
3374.8 

LAC ISP-SEC 
EClrIL. FROZEN 

2231.8 2168.6 
25C3.6 2386.9 
28CO.l 2589.4 
3oc4.3 2667.4 
3147.8 2696.9 
3ie3. i 2701.4 
3254.7 27C8.0 
32ei.7 
3337.4 
3358.7 
34c3.0 
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TABLE 175 

PERFORMANCE PARAMETERS FOH HYDROGEN 4T A STAGNATION PRESSURE OF 
1000. ATM AN0 A STAGNATION TEMPERATURE OF 40030. DE> R 

THROAT FLOW PARAHETER( EQUIL. J = 192.56 LB-SQKTIDEG RJ/SEC-FTZ-ATM 
THRDAT FLOW PARAMETER(FROZEN1 = 211.15 LB-SQITtDEG RI /SEC-FT2-ATY 

MAX WT FLOW PER UNIT AREA(EQUIL.1 = 962.789 LB/SEC-FT2 
MAX WT FLOW PEK UNIT AREAtFROZEY) = 1055.741 LB/SEC-FT2 

THRCJAT PKESSUKE RATIOLEQUIL. J = 0.5559 
THROAT PRESSURE HATIO(FROZEN) = 0.5169 

ENTROPY = 3.797E 01 BTU/L!+DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB 
RATIO EQUIL. FROZEN EQUI L. FROZEN 

CHAMBER 40000. 40000. 3.947E 05 3.947E 05 
THR04T 36004. 31587. 3.464E 05 3.407E 05 

l.OOOE-01 25395. 16757. 2.35lE 05 2.56lE 05 
l.OOOE-02 12387. 6727. 1.499E 05 2.005E 05 
l.OOOE-03 7761. 2648. 1.102E 05 1.784E 05 
l.OOOE-04 6145. 1023. 8.369E 04 1.698E 05 
5.000E-05 5806. 767. 7.723E 04 1.6R4E 05 
1 .OOOE-35 5158. 392. 6.418E 04 1.664E 35 
5.000E-06 4923. 5.924E 04 
1 .OOOE-06 4453. 4.904E 04 
5 .OOOE-07 42 76. 4.512E 04 
l.OOOE-07 3909. 3.691E 04 

PRESSURE DENSITY-LB/F13 
RATIO EQUIL. FROZEN 

CHAMBER 3.104E-02 3. L04E-02 
THROAT 1.959E-02 2.032E-02 

l.OOOE-01 5.306E-03 7.409E-03 
l.OOOE-02 l.l26E-03 1.846E-03 
l.OOGE-03 1.9826-04 4.689E-04 
l.OOOE-04 2.799E-05 1.213E-04 
5.000E-05 1.528E-05 8.091E-05 
l.OOOE-Q5 3.682E-06 3.167E-05 
5.000E-06 1.982E-06 
l. OOCE-06 4.655E-07 
5.000E-07 2.484E-07 
l.OOOE-07 5.733E-08 

PKESSURE NUZZLE AREA RATIO IOEAL ISP-SEC VAC I SF-SEC 
RATIO EQUIL. FROZEN EQUIL. FROZEN EQUI L. FRUZ EN 

THROAT L.OOOE 00 l.OOOE CO 1527.8 1615.1 2751.9 2651.2 
l.OOOE-01 2.030E 00 1.711E 00 2778.0 2588.8 3224.1 2931.7 
l.OOOE-02 7.725E 00 5.803E 00 3440.1 3963.9 3609.9 3lRD .2 
l.OOOE-03 4.071E 01 2.164E 01 3708.9 3233.9 3798.3 3277.2 
l.OOOE-04 2.757E 02 8.203E 01 3877.9 3297.8 3938.5 331% .2 
5.000E-05 4.999E 02 1.226E 02 3918.0 3307.7 3972.9 3 3 2 2 . to 
I. OOOE-05 2.033E 03 3.119E 02 3997.7 3322.1 4C42.4 332a. 3 
5.000E-06 3.748E 03 4027.5 4Ch8.7 
l.OOOE-06 1.572E 04 4088.2 4122.8 
S.OOOE-07 2.930E 04 4111.4 4 143.6 
l.OOQE-07 1.255E 05 4159.4 4186.9 

MULECULAR kriT. 
FRDZ EV 
0.9363 
0.9063 
G.9063 
C.9063 
0.9063 
0.9363 
0.9063 
0.9363 

EQUIL. 
0.9363 
C.9243 
0.9837 
1.0182 
1.1228 
1.3555 
1.2952 
1.3867 
1.4248 
1.5132 
1.5507 
1.6362 

VELOCI TY-FT/S EC MACH NI JMBFR 
EQUI L. FROZEN EQUIL. FRO2 EN 

49157. 51965. 
89378. 83291. 

110683. 98578. 
119329. 104345. 
124769. 106103. 
126056. 106421. 
128623. 106884. 
12958G. 
131535. 
132279. 
133824. 

1.030 l.Oc)O 
2.209 2.137 
3.897 3.975 
5.939 6.634 
7.477 10.827 
7.919 12.532 
8.932 17.584 
9.361 

10.345 
LO. 766 
11.740 
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TABLE 176 

PERFCRCANCE PARAMETERS FOR FYDROGEN AT A SlAGNATICN PRESSURE OF 
lCO0. ATT’ AND A STAGNATICN TEMPERATURE OF 50CC0. CEG P 

THROAT FLCW PARAHETER(EQU1L.l = 178.13 LB-SORT1 CEG RI /SEC-FTZ-ATM 
THROAT FLCW PARAHETER(FROZEN) = 185.80 LB-SQRTtCEG RI/SEC-FT2-ATM 

t’AX Wl FLOW PER UNIT AREA(ECUIL.1 = 796.6OC LB/SEC-FT 2 
PAX WT FLOW PER UNIT AREA(FROZENl = 830.93 5 LB/SEC-FT 2 

THROAT PRESSURE RATIO(EQUIL.) = 0.5532 
THROAT PRESSURE RATIO(FROZEN1 = 0.5138 

ENTROPY = 4.309E 01 BTU/LB-DEG R 

PRESSURE 
RAT IO 

CHAMBER 
THROAT 

1. OOOE-C 1 
1 .OOOE-C2 
l.OOOE-03 
l.OOOE-C4 
5. OOOE-C 5 
l.OoOE-C5 
S.OOOE-06 
l.OOOE-C6 
S.OOOE-C7 
l.OOOE-07 

PRESSURE 
RATIG 

CHAMHER 
THROAT 

l.OOOE-Cl 
1 .OOOE-C2 
l.OOOE-03 
1 .OOOE-C4 
5.000E-C5 
l.OOOE-C5 
S.OOOE-06 
l.OOOE-06 
S.OOOE-07 
l.OOOE-07 

PRt SSURE 
RATIO 

THROAT 
l.OOOE-01 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
S.OOOE-C6 
l.OOOE-06 
!i.OOOE-07 
l.OOOE-C7 

TEMPERATURE-DEG R 
EQUIL. FROZEN 
50coo. 50000. 
45082. 40841. 
34177. 22442. 
23785. 9166. 
13455. 3988. 

7009. 1811. 
6439. 1434. 
5557. 839. 
5272. 667. 
4730. 393. 
4534. 
4 140. 

DENSITY-LB/FT3 
EOUIL. FROZEN 

2.119E-02 2.119E-02 
1.333E-02 1.333E-02 
3.462E-03 4.722E-03 
5.517E-04 l.l56E-03 
l.O26E-04 2.657E-04 
2.073E-05 5.853E-05 
L.l64E-05 3.694E-05 
2.899E-06 1.263E-05 
1.574E-06 7.943E-06 
3.7436-07 2. IOOE-06 
2.004E-07 
4.653E-08 

NOZZLE AREA RATIO 
EOUIL. FROZEN 

l.OOGE 00 l.OOOE 00 
2.119E 00 1.724E 00 
1.046E 01 5.9llE 00 
5.073E 01 2.425E 01 
2.409E 02 1.075E 02 
4.253E 02 1.696E 02 
1.68lE 03 4.930E 02 
3.079E 03 7.824E 02 
1.279E 04 2.295E 03 
2.378E 04 
1.015E 05 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

6.254E 05 6.254E 05 
5.540E 05 5.478E C5 
3.898E 05 4.173E C5 
2.450E 05 3.300E 05 
1.575E 05 2.933E Cf 
1.169E 05 2.77lE C5 
1.084E 05 2.742E 05 
9.154E 04 2.696E 05 
8.529E 04 2.683E 05 
7.254E 04 2.6616 05 
6.766E 04 
5.752E 04 

MCLEClLAR kT. 
ECUIL. FROZEN 
0.7735 0.7735 
0.7925 0.7735 
0.8631 0.7735 
0.957T 0.7735 
1 .CO7E 0.7735 
1.0606 0.7735 
1.0944 c-7735 
1.176C 0.7735 
1.2112 0.7735 
1.2921 0.7735 
1.326E 
1.4041 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

PACH NUMBER 
ECLIL. FROZEN 

59762. 62333. l-COO l-CCC 
108607. 102058. 2.204 2.094 
137999. 121612. 3.565 3.96C 
153044. 128931. 4.782 6.492 
159539. 132052. 8.128 9.964 
160880. 132596. 8.748 11.261 
163477. 133459. 10 .C26 14.860 
164430. 133709. 10.543 16.71C 
166361. 134109. 11.704 21.876 
167092. 12.192 
168605. 13.311 

IDEAL ISP-SEC 
EQUI L. FROZEh 
1857.5 1937.4 
3375.6 3172.1 
4289.1 3779. e 
4756.8 4007.3 
4958.6 4104.3 
5000.3 4121.2 
5081.0 4148-C 
5110.7 4155.8 
517.0.7 4168.2 
5193.4 
5240.4 

VAC 1 SP-SEC 
ECLIL. FROZEN 

3327.1 3245.8 
3938.4 3611.2 
4567.1 3930.3 
4851.5 4C69.1 
5022.6 4131.7 
5056.8 4142.8 
5125.7 4160.6 
5151.5 4165.8 
52C4.7 4174.1 
5225-C 
5267.4 



TABLE 177 

PERFCRHANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
1000. ATM AND A STAGNATICN TEMPERATURE OF 75COO. CEG F 

THROAT FLCW PARAMETERTEOUIL.) = 158.21 LB-SQRTTCEG RI/SEC-FT2-ATM 
THROAT FLOW PARAHETERTFROZEN) = 161.97 LB-SQRTLCEG R)/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREAiEQUIL.1 = 577.687 LB/SEC-FTZ 
PAX WT FLOW PER UNIT AREAT FROZEN 1 = 591.414 LB/SEC-FTi 

THROAT PRESSURE RATIO(EQUIL.) = 0.5207 
THROAT PRESSURE RATIOLFROZEN) = 0.5056 

ENTROPY = 5.324E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLEC 1LAR kT. 
RATIO EQIIIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER 75coo. 75000. 1.243E 06 1.243E 06 0.5676 0.5676 
THROAT 63502. 59490. 1.088E 06 1.083E C6 0.5826 0.5676 

L. OOOE-0 1 45643. 32530. 7.978E 05 8.285E C5 O.t36; 0.5676 
l.OOOE-C2 32584. 130281. 5.369E 05 6.565E 05 0.7293 0.5676 
l.OOOE-03 24813. 5269.. 3.689E 05 5.875E 05 0.8254 0.5676 
l.OOOE-C4 19371. 2166. 2.533E 05 5.594E 05 0.9172 0.5676 
5. OOOE-C 5 17934. 1660. 2.256E 05 5.547E 05 0.9426 0.5676 
l . OOOE-0 5 14395. 898. 1.720E 05 5.478E 05 0 .S924 0.5676 
5.000E-C6 12304. 689. 1.535E 05 5.458E 05 1.004 E 0.5676 
l.OOOE-C6 6745. 373. 1.252E 05 5.429E 05 1.009C 0.5676 
5.000E-07 5533. 1.170E 05 1.020f 
l.OOOE-07 4633. 1.018E 05 1.0815 

PRESSURE DENSITY- 
RATIO EQUI L. 

CHAMBER l.O37E-02 
THROAT 6.545E-03 

l.OOOE-01 1.909E-03 
l.OOOE-02 3.066E-04 
l.OOOE-03 4.557E-05 
l.OOOE-04 6.4B6E-06 
5. OOOE-C 5 3.600E-06 
l.OOOE-C5 9.444E-07 
5.000E-06 5.593E-07 
l.OOOE-C6 2.049E-07 
5.000E-07 1.264E-07 
1 .OOOE-07 3.198E-08 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC VAC I SP-SEC 
RATIO EQUIL. FROZEN EQUIL. FROZE& ECUIL. FROZEN 

THROAT l.OOCE 00 l.OOOE 00 2743.4 2781.9 4650.9 4590.8 
l.OOOE-01 2.026E 00 1.717E 00 4641.9 4479.3 53e3.9 5093.6 
l.OOOE-02 1.002E 01 5.782E 00 5645.1 5327.5 6212.1 5534.4 
1 .OOOE-C3 6.059E 01 2.212E 01 6502.9 5631-S 6724.9 5711.1 
l.OOOE-C4 4.00CE 02 8.902E 01 6919.6 5751.3 7066.1 5783.2 
5. OOOE-C 5 7.109E 02 1.360E 02 7015.5 5770.7 7 145.7 5795.0 
l. OOOE-0 5 2.64lE 03 3.659E 02 7197.9 5799. s 72S4.7 5813.0 
5.000E-C6 4.422E 03 5.611E 02 7259.7 5807.9 7340.7 5817.9 
1 .OOOE-06 1.191E 04 1.517E 03 7353.4 5820-C 7397.0 5025.4 
5.000E-07 1.925E 04 7380.4 74 15.6 
l.OOOE-07 7.556E 04 7430.2 74 57.9 

-LB/FT3 
FROZEN 

l.O37E-02 
6.608E-03 
2.390E-03 
5.968E-04 
1.476E-04 
3.590E-05 
2.34lE-05 
8.661E-06 
5.640E-06 
2.0B2E-06 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

PACti NUMBER 
ECUIL. FROZEN 

88267. 89504. l.CCO l.OOC 
149348. 144116. 2.171 2.107 
188061. 171407. 3.600 3.939 
209225. 181201. 4.586 6.592 
222631. 185044. 6.401 10.546 
225716. 185667. 6.844 12.094 
231586. 186606. 7.914 16.551 
233575. 186863. B-223 18.921 
236587. 187251. 12.009 25.769 
237455. 13.582 
239058. 15.553 
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1ABLE 178 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT L STACNATICN PRESSURE CF 
1000. ATM AND A STAGNATICN TEMPERATURE OF LCCCCC. CEG P 

THROAT FLCW PARAMETER(EQUIL.1 = 157.54 LB-SQRTLCEC RI/SEC-FT2-ATM 
THROAT FLCW PARAMETERLFROZEN) = 158.64 LB-SQRTtCEE RJ/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREA(EOUlL.1 = 498.185 LB/SEC-FTi 
PAX WT FLOW PER UNIT AREALFROZEN) = 501.667 LB/SEC-FT2 

THROAT PRESSURE RATIO(EOUIL.) = 0.5Cl7 
THROAT PRESSURE AATlOtFROZENJ = 0.4982 

ENTROPY = 5.739E 01 BTU/LB-DEG R 

PRESSURE 
RATIO 

CHAMBER 
THKOAT 

1.000E-Cl 
1.000E-02 
1 .OOOE-C3 
1.000E-C4 
5.00OE-C 5 
L.OOOE-C5 
b.OOOE-C6 
l.OOOE-Ch 
5.000E-C7 
1.000E-07 

PRESSURE 
RATIC 

CHAMBER 
THROAT 

l.O00E-Cl 
l.OOOE-C2 
l.OOOE-03 
1 .OOOE-C4 
5.000E-C5 
l.OcJOE-C5 
5.000E-CtJ 
l.OOOE-C6 
5,. OOOE-07 
l.OOOE-07 

PRtSSUKE 
RATIC 

THROAT 
l.OOOE-01 
1 .OOOE-C2 
1.000E-C3 
1 .OOOE-C4 
5.00OE-C5 
l.OOOE-C5 
S.OOOE-C6 
l.OOOE-06 
5.000E-07 
L.OOOE-C7 

TEMPERATURE-DEG R 
EOUIL. FROZEN 

loocoo. 100000. 
78851. 77080. 
51698. 41738. 
35317. 16649. 
26720. 6671. 
21176. 2682. 
19835. 2041. 
17055. 1083. 
15932. 824. 
13094. 438. 
11330. 

6211. 

DENSITY-LB/FT3 
EQUIL. FROZEN 

?.20BE-03 7.208E-03 
4.641E-03 4.659E-03 
1.510E-03 1.727E-03 
2.533E-04 4.317E-04 
3.813E-05 1 .OBoE-04 
5.398E-06 2.687E-05 
2.974E-06 1.766E-05 
7.393E-07 6.657E-06 
4.060E-07 4.372E-06 
l.O38E-07 1.646E-06 
6.074E-08 
2.224E-08 

NOZZLE AREA RATIO 
EGUI L. FROZEN 

L.OOOE 00 l.OOOE 00 
1.9O2E 00 1.702E 00 
9.15tE 00 5.736E 00 
5.50dE 01 2.169E 01 
3.67lE 02 8.547E 01 
6.578E 02 1.296E 02 
2.581E 03 3.423E 02 
4.6586 03 5.205E 02 
1.791E 04 1.380E 03 
3.043E 04 
8.237E 04 

ENTHALP Y-BTU/L B 
EQUIL. FROZEN 

1.600E 06 1.600E ct 
1.370E 06 1.368E C6 
9.989E 05 1.018E C6 
6.777E 05 7.800E 05 
4.759E 05 6.8506 C5 
3.376E 05 6.470E C5 
3.043E 05 6.408E C5 
2.3B2E 05 6.317E 05 
2.138E 05 6.292E 05 
1.657E 05 6.255E C5 
1.48BE 05 
1.227E 05 

MCLECCLAR WT. 
ECLIL. FROZEN 
0.5262 0.5262 
0.5324 0.5262 
0.57cc 0.5262 
0.6532 0.5262 
0.743e 0.5262 
0.0345 0.5262 
O.B61 1 C-5262 
0.920& 0.5262 
0.944? 0.5262 
O-9922 0.5262 
1 .co47 
1 .coec 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

CACH NUMBER 
ECLIL. FROZEN 

107346. 107684. 1 .coo l-CCC 
173472. 170690. 2.147 2.119 
214875. 2C2608. 3.C83 3.952 
237217. 214021. 5.143 6.62C 
251387. 218426. 6.590 10.675 
254682. 219129. 7.030 11.282 
261104. 220176. 8.C77 16.952 
263430. 220457. 0.546 19.456 
267963. 220879. 9.6B6 26.755 
269539. 9.994 
271944. 14.472 

IDEAL l SF-SEC 
EPUIL. FROZEN 
3336.4 3346.9 
5391.7 5305.2 
6678.5 6297.3 
7373.0 6652.C 
7813.4 6788.9 
7915.8 6810.7 
8115.4 6843.3 
alB7.7 6852. C 
8328.6 6865.1 
8377.5 
8452.3 

\AC I SP-SEC 
ECLIL. FROZEN 

5467.5 5448.2 
6199.4 6023.0 
7067.2 6539.2 
76Ct.9 6743.5 
79t9.3 6824.9 
8055.5 6838.1 
8225.0 6857.7 
82e6.6 6863.0 
B4C4.6 6070.9 
8442.2 
84e7.3 

185 



TABLE 179 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
1000. ATP AND A STAGNATICN TEMPERATURE OF 15CCOO. CEG P 

THROAT FLOW PARAMETERTEOUIL.1 = 158.16 LB-SQRTLDEG RI/SEC-FTZ-ATM 
THROAT FLOW PARAMETERLFROZEN) = 158.16 LB-SORT{ CEG RI /‘EC-FTZ-ATM 

PAX WT FLOW PER UNIT AREAIEQUIL. J = 408.358 LB/SEC-FT2 
PAX WT FLOW PER UNIT AREALFROZENI = 408.362 LB/SEC-FT2 

THROAT PRESSURE RATIO(EPUIL.l = 0.4901 
THROAT PRESSURE RATIO(FROZEN1 = 0.4901 

ENTROPY = 6.171E 01 BTU/LB-DEG R 

PRESSURE 
RATIO 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-03 
l.OOOE-04 
5.000E-C5 
1. OOOE-C 5 
5.000E-06 
l.OOOE-06 
5.000E-07 
l.OOOE-07 

PRESSURE 
RAT IO 

CHAMBER 
THROAT 

l.OOOE-01 
l.OOOE-C2 
l.OOOE-03 
l.OOOE-C4 
5.000E-05 
l.OOOE-05 
5.000E-06 
l. OOOE-C6 
5.0DOE-07 
l.OOOE-07 

PRE SSUR E 
RAT1 0 

THROAT 
l.OOOE-Cl 
1 .OOOE-C2 
l.OOOE-03 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-07 
1. DOOE-07 

TEMPERATURE-DEG R 
EQUI L. FROZEN 

150000. 150000. 
113270. 113261. 

63808. 60869. 
38540. 25044. 
28519. 10391. 
22563. 4328. 
21184. 3327. 
18449. 1806. 
17421. 13a9. 
15248. 754. 
14356. 580. 
12091. 315. 

DENSITY-LB/FT3 
EQUIL. FROZEN 

4.673E-03 4.673E-03 
3.033E-03 3.033E-03 
l.l22E-03 l.l51E-03 
2.083E-04 2.799E-04 
3.220E-05 6.745E-05 
4.592E-06 1.619E-05 
2.529E-06 l.O53E-05 
6.245E-07 3. B80E-06 
3.404E-07 2.524E-06 
B.277E-08 9.292E-07 
4.503E-08 6.042E-07 
l.l22E-08 2.224E-07 

NOZZLE AREA RATIO 
EQUI L. FROZEN 

l.OOCE 00 l.OOOE 00 
1.729E 00 1.687E 00 
7.7086 00 5.849E 00 
4.576E 01 2.293E 01 
3.050E 02 9.348E 01 
5.476E 02 1.432E 02 
2.169E 03 3.867E 02 
3.94BE 03 5.937E 02 
1.599E 04 1.609E 03 
2.922E 04 2.473E 03 
l.lbOE 05 6.71lE 03 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

2.130E 06 2.130E 06 
1.768E 06 1.768E 06 
1.245E 06 1.247E 06 
8.379E 05 8.871E 05 
5.953E 05 7.382E 05 
4.322E 05 6.763E 05 
3.930E 05 6.660E 05 
3.151E 05 6.505E 05 
2.861E 05 ‘6.462E 05 
2.277E 05 6.397E 05 
2.058E 05 6.379E 05 
1.619E 05 6.352E C5 

MCLECLLAR WT. 
ECUIL. FROZEN 
0.5116 0.5116 
0.5117 0.5116 
0.5226 0.5116 
0.586C 0.5116 
0.6703 0.5116 
0.7564 0.5116 
0.7822 0.5116 
0.8411 0.5116 
0.865E 0.5116 
0.9211 0.5116 
0.9435 0.5116 
0.9902 0.5116 

VELOC I TY-FT/SEC 
EQUIL. FROZEN 

PACH NUMBER 
ECUIL. FROZEN 

134654. 134656. l-COO 1.000 
210555. 210211. 2.134 2.138 
254344. 249461. 3 .e20 3.971 
277199. 2639 78. 5 -465 6.536 
291550. 269783. 7 -022 10.359 
294892. 270732. 7.486 11.860 
301440. 272167. 8.571 16.184 
303833. 272560. 9.043 18.486 
308610. 273156. 10.168 25.14C 
31.0378. 273319. 10.672 28.688 
313897. 273568. 11.911 38.958 

IDEAL ISP-SEC 
EQUIL. FROZEN 
4185.2 4185.2 
6544.3 6533.6 
7905.3 7753.5 
8615.6 8204.7 
9061.7 8385.1 
9165.5 8414.6 
9369.0 8459.2 
9443.4 8471.4 
9591.9 8489. S 
9646.8 8495.C 
9756.2 8502. e 

VAC ISP-SEC 
ECCIL. FROZEN 

6724.6 6724.6 
7440.0 7407.7 
83C4.7 8056.6 
8852.7 8323.5 
9219.7 8433.6 
93C7.4 8451.7 
94ei.4 8479.2 
9545.7 8486.8 
9674.7 8498.3 
9722.5 8501.4 
9816.3 8506.2 
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TABLE 180 

PERFCRMANCE PARAMETERS FOR HYDROGEN Ai A STAGNATICN PRESSURE OF 
1coo. ATM AND A STAGNATICN TEMPERATURE OF ZCCCOO. CEG F 

THROAT FLOW PARAMETERTEQU1L.J = 157.94 LB-SPRTLCEG RJ/SEC-FT2-ATM 
THROAT FLCW PARAMETERTFROZENJ = 157.94 LB-SQRTIDEG RJ/SEC-FTZ-ATM 

MAX WT FLOW PER UNIT AREALEQU1L.J = 353.155 LB/SEC-FTi 
MAX WT FLOW PER UNIT AREALFROZENJ = 353.172 LB/SEC-FT2 

THROAT PRESSURE RATIOIEQU1L.J = 0.4883 
THROAT PRESSURE RATIOTFROZEhJ = 0.4885 

ENTROPY = 6.459E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY- ,BTU/LB MCLECCLAR WT. 
RATIO EQIIIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER 200000. 200000. 2.631E 06 2.631E 06 0.5084 0.5084 
THROAT 150274. 150461. 2.143E 06 2.143E 06 0.507E 0.5084 

l.OOOE-Gl 80654. 80311. 1.450E 06 1.451E 06 0.509’5 0.5084 
l.OOOE-C2 41620. 32518. 9.531E 05 9.750E C5 0.549e 0.5084 
l.OOOE-C3 29762. 13247. 6.792E 05 7.819E C5 0.6275 0.5084 
l.OOOE-C4 23378. 5413. 4.984E 05 7.032E 05 0.709c 0.5084 
5. OOOE-C 5 21943. 4136. 4.552E 05 6.903E 05 0.7347 0.5084 
l.OOOE-C5 19 145. 2215. 3.692E 05 6.710E 05 0.792c 0.5084 
S.OOOE-C6 18114. 1693. 3.373E 05 6.657E C5 0.8164 0.5084 
1 .OOOE-C6 16002. 907. 2.7276 05 6.578E C5 0.871E 0.5084 
S.OOOE-07 15 180. 693. 2.484E 05 6.55bE 05 0.895C 0.5084 
l.OOOE-07 13369. 371. 1.988E 05 6.524E C5 0.9463 0.5084 

PRESSURE DENSITY -LB/FT3 
RATIO EQUIL. FROZEN 

CHAMBER 3.482E-03 3.482E-03 
THROAT 2.26CE-03 2.261E-03 

l.oooE-01 8.654E-04 B.67lE-04 
l.OOOE-02 1.810E-04 2.142E-04 
l.OOOE-C3 2.888E-05 5.257E-05 
l.OUOE-C4 4.159E-06 1.287E-05 
5.000E-C5 2.293E-06 8.419E-06 
l.OOOE-C5 5.667E-07 3.144E-06 
5.000E-C6 3.087E-07 2.057E-06 
l.OOOE-C6 7.463E-08 7.681E-07 
Lj.OOOE-07 4.038E-08 5.025E-07 
l.OOOE-07 9.697E-09 1.876E-07 

PRESSURE NOZZLE AREA RATIO IOEAL ISP-SEC MAC ISP-SEC 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

THROAT l.OOOE 00 l.OOOE 00 4856.7 4855.2 7782.3 7781.9 
l.OOOE-01 1.679E 00 1.676E 00 7554.5 7554.2 8560.5 8558.2 
l.OOOE-C2 6.735E 00 5.729E 00 9006.8 8947. t 941c.3 9290.8 
l.OOOE-C3 3.912E 01 2.208E 01 9714.3 9455.0 9948.7 9587.3 
l.OOOE-C4 2.599E 02 8.838E 01 10154.3 9654.4 10310.1 9707.3 
S.OOOE-C5 4.666E 02 1.346E 02 10256.7 9686.5 10356.5 9726.8 
1. OOOE-C 5 1.852E 03 3.586E 02 10457.4 9734.7 10568.3 9756.2 
5.000E-C6 3.376E 03 5.474E 02 10530.9 9747.7 106’2.0 9764.1 
l.OOOE-G6 1.377E 04 1.463E 03 10678.1 9767.4 107CC.6 9776.1 
5.000E-07 2.533E 04 2.235E 03 10733.0 9772.7 108CB.9 9779.4 
l.OOOE-07 1.044E 05 5.983E 03 10844.2 9780.7 109C6.7 9784.3 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

156260. 156211. 
243059. 243048. 
289784. 287880. 
312548. 304205. 
326706. 310619. 
329999. 311654. 
336455. 313204. 
338820. 313624. 
343557. 314256. 
345324. 314427. 
348900. 314685. 

PACH NUMBER 
ECUIL. FROZEN 

1 .ccc 1.000 
2.136 2.134 
3.886 3.983 
5.766 6.605 
7 -459 10.558 
7 -954 12.121 
9.099 16.649 
9.593 19.071 

10.754 26.112 
11.264 29.885 
12.493 40.864 
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TABLE 181 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
2CO0. ATR AND A STAGNATICN TEMPERATURE OF 5CO0. CEG P 

THROAT FLCn PARAMETER(EQUIL.1 = 288.86 LB-SQRT(DEG RI/SEC-FT2-ATM 
THROAT FLOW PARAMETER(FROZENb = 289.34 LB-SORTtCEG RI/SEC-Ff2-ATM 

FAX 
PAX 

PRESSURE TEMPERATURE-DEG R 
RATIO EQUIL. FROZEN 

CHAMBER 5000. 5000. 
THROAT 4361. 4347. 

l.OOOE-01 2891. 2877. 
l.OOOE-C2 1559. 1540. 
l.OOOE-C3 813. 756. 
l.OOOE-04 420. 344. 

PRESSURE DENSITY-LB/FT3 
RATIO EQUIL. FROZEN 

CHAMBER 1.104E 00 1.104E 00 
THROAT 6.908E-01 6.917E-01 

l. OOOE-0 1 1.910E-01 1.918E-01 
l.OOOE-C2 3.543E-02 3.584E-02 
l.OOOE-03 6.791E-03 7.297E-03 

WT FLOW PER UNIT AREALEQUIL.) = 8170.081 LB/SEC-FTi 
WT FLOW PER UNIT AREAfFROZEN) * 8183.7OC LB/SEC-FTi 

THROAT PRESSURE RATIO(EQUIL. 1 = 0.5455 
THROAT PRESSURE RATIO(FROZEN1 = 0.5448 

ENTROPY = 1.623E 01 BTU/LB-OEG R 

l.OOOE-04 1.3I6E-03 1.6oSE-03 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

1.90BE 04 1.908E 04 
1.628E 04 1.628E 04 
1.028E 04 1.031E 04 
5.365E 03 5.4.176 03 
2.761E 03 2.896E 03 
1.409E 03 1.701E 03 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

11827. 11832. 
20982. 20953. 
26201. 26152. 
28580. 28462. 
2974 I. 29495. 

PRESSURE NOZZLE AREA RATIO IDEAL I SP-SEC 
RATIO EQUIL. FROZEN EOUIL. FROZEN 

THROAT l.OOOE 00 l.OOOE 00 367.6 367.8 
1. OOOE-C 1 2.038E 00 2.036E 00 652.1 651.2 
l.OOOE-02 8.801E 00 8.730E 00 814.4 812.8 
1.000E-03 4.209E 01 3.940E 01 888.3 884.6 
l.OOOE-04 2.087E 02 1.729E 02 924.4 916.7 

HCLEC\LAR WT. 
ECUIL. FROZEN 
2.0143 2.0143 
2.C155 2.0143 
2.0160 2.0143 
2.C16C 2.0143 
2.016C 2.0143 
2.C16C 2.0143 

PAW NUMBER 
ECUIL. FROZEN 

1.000 l.OOC 
2.146 2.147 
3.588 3.575 
5.397 5.404 
7.788 8.127 

VAC ISP-SEC 
ECUIL. FROZEN 
65C.2 649.5 
757.7 756.5 
859.9 858.0 
91C.l 905.0 
935.2 925.7 



TABLE 182 

PERFCRCANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
zcoo. ATM AND A STAGNATICN TEMPERATURE OF tcco. CEG R 

THROAT FLOW PARAMETERLEQUIL.) = 286.32 L8-SQRT( CEG RI /SEC-FTZ-ATM 
THROAT FLOIJ PPRAHETERtFROZENT = 287.88 LB-SQRTtCEC RI/SEC-FTZ-ATM 

t’AX WT FLOW PER UNIT AREP(EQUIL.1 = 7392.672 LB/SEC-FTZ 
PAX WT FLOW PER UNIT AREA(FROZEN) = 7432.915 LB/SEC-FTi 

THROAT PRESSURE RATIO(EQUIL.) = 0.5501 
THROAT PRESSURE RATIO(FROZEN) = 0.547C 

ENTROPY = 1.710E 01 BTU/LB-OEG R 

PRESSURE TEMPERATURE-OEG R ENTHALP Y- BTU/LB HCLEClLAR WT. 
RATIO EQllIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER 6CO0. 6000. 2.384E 04 2.384E 04 2.CO71 2.0071 
THROAT 5301. 5243. 2.051f 04 2.049E 04 2.012C 2.0071 

l.OOOE-Cl 3595. 3517. 1.309E 04 1.320E C4 2.0155 2.0071 
i .ODOE-C2 1987. 1932. 6.895E 03 7.126E 03 2.C16C 2.0071 
l.OOOE-03 1044. 977. 3.562E 03 3.909E 03 2.Cl6C 2-0071 
l.DOOE-C4 541. 455. 1.824E 03 2.343E C3 2.016C 2.0071 
5.000E-C5 443. 1.488E 03 2.C16C 

PRFSSURE DENSITY-LB/FT3 
KATIG EQUIL. FROZEN 

CHAMBER 9.165E-01 9.165E-01 
THKUA T 5.720E-01 5.737E-01 

l.OOOE-Cl 1.536E-01 1.563E-01 
1 .OOOE-C2 2.779E-02 2.846E-02 
1 .OUOli-c3 5.2906-03 5.629E-03 
L.OOOE-C4 l.O21E-03 1.209E-03 
S.OUOE-C5 6.234E-04 

PRESSURE NOZZLE AREA RATIO IDEAL 
RATIO EQUIL. FROZEN EQUIL. 

THKOAT l.OOoE 00 l.OOOE 00 401.7 
l.OOOE-01 2.074E 00 2.060E 00 721.2 
l.OOOE-C2 9.132E 00 9.029E 00 905.3 
l.OOOE-C3 4.38tE 01 4.1BOE 01 990.3 
1 .OOOE-C4 2.182E 02 1.873E 02 1031.9 
S.OOOE-C5 3.54’iE 02 1039.7 

VELOC ITY-FT/SEC PACH NUMBER 
EQUIL. FROZEh ECCIIL. FRCZEN 

12924. 12956. l.COO 1 .ooc 
23203. 23085. 2.146 2.150 
29127. 28927. 3.549 3.554 
31862. 31588. 5.315 5.314 
33200. 32806. 7.669 7.896 
33452. 8.529 

ISP-SEC 
FROZEN 

402.7 
717.5 
899.1 
981.8 

1019.6 

LAC I SP-SEC 
ECLIL. FROZEN 
71t.6 714.1 
839.9 834.8 
957.6 950.5 

1015.4 lCO5.6 
1044.4 lC30.3 
1049.9 



‘IABLE 183 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
2000. ATM AND A STAGNATICN TEMPERATURE OF ICOO. CEG R 

THROAT FLOW PARAMETER(EQU1L.J = 282.86 LB-SQRTfCEG RJ/SEC-FT2-ATM 
THROAT FLOW PLRAMETERLFROZENJ = 285.91 LB-SQRTfCEC RJ/SEC-FT2-ATM 

PAX WT FLOW PER UNIT AREATEQU1L.J = 6761.559 LB/SEC-FT2 
PAX WT FLOW PER UNIT AREAtFROZENJ = 6834.520 LB/SEC-FT2 

THROAT PRESSURE RATIO(EQU1L.J = 0.5553 
THROAT PRESSURE RATIO(FROZEN1 = 0.5484 

ENTROPY = 1.795E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R 
RATIO EQUIL. FROZEN 

CHAMBER 7coo. 7000. 
THROAT 6277. 6136. 

l.OOOE-Cl 4399. 4150. 
l. OOOE-02 2504. 2319. 
l.OOOE-C3 1333. 1197. 
l.OOOE-C4 694. 568. 
S.OOOE-C5 569. 447. 
l.OOOE-C5 357. 

PRESSURE 
RATIO 

CHAMBER 
THROAT 

l.OOOE-Cl 
1. OOOE-C 2 
1.000E-03 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 

PRESSURE 
RATIO 

THROAT 
l.OOOE-0 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-04 
5.000E-05 
l.OOOE-05 

OENSITY- 
EQUIL. 

7.777E-01 
4.845E-01 
1.255E-01 
2.206E-02 
4.142E-03 
7.962E-04 
4.856E-04 
1.548E-04 

.LB/FT3 
FROZEN 

7.777E-01 
4.866E-01 
1.312E-01 
2.348E-02 
4.547E-03 
9.584E-04 
6,086E-04 

ENTHALPY-BTU/LB HCLECULAR WT. 
EQUIL. FROZEN ECUIL. FROZEN 

2.939E 04 2.939E 04 1.987 I 1.9871 
2.550E 04 2.545E C4 1.9985 1.9871 
1.649E 04 1.679E C4 2.0146 1.9871 
8.804E 03 9.500E 03 2.C16C 1.9871 
4.571E 03 5.565E 03 2.0160 1.9871 
2.348E 03 3.608E 03 2.016C 1.9871 
1.918E 03 3.258E C3 2.C16C 1.9871 
1.196E 03 2.C16C 

VELCIC TTY-FT/SEC 
EQU IL. FROZEN 

13956. 14047. 1 .coo l.OOC ' 
25411. 25119. 2.144 2.151 
32101. 31554. 3.5c9 3.543 
35247. 34535. 5.210 5.257 
36793. 35925. 7.517 7.739 
37084. 36168. 8.359 8.723 
37568. 10.657 

NOZZLE AREA RATIO IOEAL ISP-SEC LAC ! SP-SEC 
ECJUIL. FROZEN EOUIL. FROZEN ECUIL. FROZEN 

l.OOCE 00 l.OOOE 00 433.8 436.6 7E1.4 776.1 
2.121E 00 2.074E 00 789.8 780.7 922.6 909.1 
9.550E 00 9.225E 00 997.7 980.7 1057.5 1037.9 
4.631E 01 4.353E 01 1095.5 1073.4 1124.5 1100.3 
2.308E 02 1.985E 02 114306 1116.6 1158.0 1128.9 
3.755E 02 3.105E 02 1152.6 1124.1 1164.4 1133.8 
1.163E 03 1167.6 1174.9 

PACkI NUCBER 
E&IL. FROZEN 



TABLE 184 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSUPE OF 
2000. ATM AN0 A STAGNATICN TEMPERATURE OF ECCO. CEG P 

THROAT’ FLCW PARAMETERTEQUIL.1 = 278.57 LB-SQRTTCEE RI/SEC-FTZ-ATM 
THROAT FLCh PARAMETERTFROZEN) = 282.85 LB-SQRTTCEG RI/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREATEQUIL.) = 6229.11C LB/SEC-FT2 
FAX WT FLOW PER UNIT AREA(FROZENI = 6324.744 LB/SEC-FTi 

THROAT PRESSURE RATIO(EQUIL.) = 0.5594 
THROAT PRESSURE RATIOIFROZEN) = 0.5487 

ENTROPY = 1.885E 01 BTU/LB-DEG R 

PRESSURE 
RATIG 

CHAMBER 
THROAT 

l.OOOE-01 
l.OOOE-C2 
l.OOOE-C3 
l.O00E-C4 
5.000E-C5 
l.OOOE-C5 

TEMPERATURE-DEG R 
EQUIL. FROZEN 

8COO. 8000. 
7261. 7018. 
5319. 4757. 
3161. 2677. 
1721. 1398. 

900. 671. 
739. 530. 
465. 300. 

PRESSURE DENS1 TY- ,LR/FT3 
RATIO EQUIL. FHOZEN 

CHAMBER 6.667E-01 6.667E-01 
THROAT 4.151E-01 4,17OE-01 

l.OOOE-01 l.O33E-01 l.lZlE-01 
l.OOOE-02 1.747E-02 1.992E-02 
l.OOOE-C3 3.2lOE-03 3.(315E-03 
l.OOoE-C4 6.138E-04 7.949E-04 
5. OOOE-C 5 3.739E-04 5.033E-04 
l.OOOE-C5 l.l87E-04 1.7.79E-04 

PRESSURE 
RATIO 

THROAT 
l.OOOE-Cl 
l.OOOE-02 
1,00OE-03 
l.OOOE-C4 
S.OOOE-C5 
l.OOOE-C5 

NOZZLE AREA RATIO 
EQuIL. FROZEN 

l.OOOE 00 l.OOOE 00 
2.179E 00 2.078E 00 
1.012E 01 9.302E 00 
4.991E 01 4.434E 01 
2.494E 02 2.044E 02 
4.06OE 02 3.206E 02 
1.261E 03 8.970E 02 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

3.614E 04 3.614E 04 
3.165E 04 3.155E 04 
2.086E 04 2.142E 04 
1.134E 04 1.287E 04 
5.939E 03 8.214E C3 
3.061E 03 5.870E C3 
2.503E 03 5.447E 03 
1.564E 03 4.782E 03 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

15007. 15167. 1 .cco l.CCG 
27660. 27147. 2.148 2.152 
35235. 34131. 3.460 3.54c 
38886. 37393. 5.076 5.233 
40696. 38930. 7.309 7.663 
41038. 39201. 8.128 0.624 
41607. 39624. 10.355 11.44G 

IDEAL XSP-SEC 
EOUIL. FROZEN 

466.4 471.4 
859.7 843.7 

1095.2 1060. e 
1208.6 1162.2 
1264.9 121o.c 
1275.5 1218.4 
1293.2 1231.5 

MCLEClLAR WT. 
ECLIL. FROZEN 
1.9467 1.9467 
1.966: 1.9467 
2 .CO61 1.9467 
2.ClSS 1.9467 
2.Cl6C 1..94)7 
2.C16C 1.9467 
2 .C16C 1.9467 
2.C16C 1.9467 

P’ACH NUMBER 
ECUIL. FROZEN 

ItPC I SF-SEC 
ECUIL. FROZEN 
a4t.5 838.5 

1OC7.B 982.8 
1163.9 1123.1 
1242.5 1191.9 
1281.6 1223.7 
12E9.3 1229.1 
13Cl.7 1237.5 



TABLE 185 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
2000. ATM AND A STAGNATICN TEMPERATURE OF 9CO0. CEG R 

THROAT FLCW PARAHETER(E4UIL.) = 273.39 LB-SQRTTDEG RI/SEC-FT2-ATM 
THROAT FLCW PARAWETERfFROZEN) - 278.40 LB-SQRTLOEG RI/SEC-FTL-ATM 

MAX MT FLOW PER UNIT AREA(EQUIL.1 - 5763.526 LB/SEC-FTZ 
PAX WT FLOW PER UN11 AREAIFROZENI = 5869.114 LB/SEC-FT; 

THROAT PRESSURE PATIOTEQUIL.) = 0.5612 
THROAT PRESSURE RATIO(FROZEN1 = 0.5479 

ENTROPY = l.CB3E 01 BTU/LB-DEG R 

PRESSURE .TEMPERATURE-DEG R ENTHALPY 
RATIO EQUIL. FROZEN EQUIL. 

CHAMBER 9coo. 9000. 4.448E 04 
THROAT 8225. 7881. 3.927E 04 

l. OOOE-0 1 6264. 5321. 2.655E 04 
l.OOOE-C2 4007. 2984. 1.485E 04 
1 .OOOE-03 2256. 1558.. 7.877E 03 
l.OOOE-04 1193. 749. 4.080E 03 
5. OOOE-C 5 980. 592. 3.340E 03 
l.OOOE-C5 619. 335. 2.092E 03 
S.OOOE-C6 507. 1.708E 03 
l.OOOE-Cb 318. 1.065E 03 

PRESSURE DENSITY 
RATIO EQUIL. 

CHAMBER 5.72BE-01 
THROAT 3.5bBE-01 

l.OOOE-01 8.64bE-02 
l.OOoE-C2 1.378E-02 
l.OOOE-C3 2.449E-03 
l.OOOE-04 4.631E-04 
5.000E-0 5 2.817E-04 
l.OOOE-C5 8.917E-05. 
5.000E-C6 5.442E-05 
l.OOOE-C6 1.738E-05 

PRE SSUPE NOZZLE AREA RATIO IDEAL 
RATIO EQUIL. FROZEN EQUIL. 

1HROAT l.OOOE 00 l.OOOE 00 502.1 
1. OOOE-C 1 2.225E 00 2.071E 00 931.3 
l . OOOE-0 2 l.OB6E 01 9.247E 00 1197.1 
l.OOOE-C3 5.499E 01 4.409E 01 1330.5 
l.OOOE-C4 2.767E 02 2.036E 02 1397.8 
S.OOOE-C5 4.509E 02 3.194E 02 1410.5 
l.OOOE-05 1.403E 03 8.9446 02 1431.8 
5.000E-06 2.289E 03 1438.2 
l. OOOE-06 7.115E 03 1449.0 

-LB/FT3 
FROZEN 

5.728E-01 
3.584E-01 
9.689E-02 
1.728E-02 
3.308E-03 
b.B84E-04 
4.357E-04 
1.539E-04 

-BTU/LB 
FROZEN 

4.4486 04 
3.913E 04 
2.739E 04 
1.752E 04 
1.215E 04 
9.442E 03 
8.953E 03 
8.185E 03 

VELOC ITY-FT/SEC 
EQUIC. FROZEN 

16154. 16375. 
29963. 29248. 
38517. 36739. 
42807. 40233. 
44973. 41882. 
45383. 42173. 
46065. 42627. 
46273. 
46620. 

ISP-SEC 
FROZEN 

508.9 
909.1 

1141.9 
1250.5 
1301.7 
1310. e 
1324.9 

MCLECLLAR WT. 
ECLIL. FROZEN 
1.881; 1.8817 
1 .SO84 1.8817 
1.976E 1.8817 
2.014: 1.8817 
2.016C 1.8817 
2.01bC 1.8817 
2.016C 1.8817 
2.016C 1.8817 
2.016C 
2.016C 

MACH NUM8ER 
ECUIL. FROZEN 

1 .coo 1.000 
2.160 2.152 
3.400 3.547 
4.915 5.245 
7.C24 7.675 
7.812 8.635 
9.954 11.449 

l1.033 
14 .cco 

\rAC I SP-SEC 
ECUIL. FROZEN 
914.2 904.0 

1054.6 1058.4 
1276.9 1208.6 
1370.9 1282.3 
1418.1 1316.4 
1427.1 1322.3 
1442.1 1331.3 
1446.6 
1454.2 
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TABLE 186 

PERFCRHANCE PARAMETERS FOR FYDROGEN AT A STAGNATICN PRESSURE OF 
2000. ATF AND A STAGNATICN TEMPERATURE OF lCC00. CEG P 

THROAT ‘FLCW PARAMETERLEOUIL.1 = 267.15 LB-SQRTLCEG R)/SEC-FTZ-ATM 
THHOAT FLOW PARAMETERLFROZEN) = 272.57 LB-SQRTLCEG RI/SEC-FTE-ATM 

FAX WT FLOW PER UNIT AREALEQUIL.) = 5343.089 LB/SEC-FT2 
PAX UT FLOW PER UNIT ARELLFROZEN) = 5451.437 LB/SEC-FT2 

THROAT PRESSURE PATIOLEQUIL.1 = 0.5611 
THROAT PRESSURE RATIOlFRUZEN1 = 0.5459 

ENTROPY = 2.C90E 01 BTU/LB-DEG R 

PRESSURE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-CL 
1 .OOOE-C2 
l.OOOE-C3 
l.OOuE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-06 

PRESSUHE 
RATIO 

CHAMBER 
THROAT 

l.OOOE-01 
l.OOOE-C2 
1.000E-C3 
l.OOOE-C4 
!i.OOOE-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-06 

PRESSURE 
RATIO 

THROAT 
l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-06 
l.OOOE-C6 

TEMPERATURE-DEG R 
EQUIL. FROZEN 
lOCOO. 10000. 

9157. 87 16. 
7127.’ 5823. 
4969. 3219. 
2986. 1662. 
1616. 791. 
1331. 624. 

844. 351. 
692. 
436. 

DENSITY-LB/FT3 
EOUI L. FROZEN 

4.91 ?E-01 4.913E-01 
3.064E-01 3.078E-01 
7.365E-02 8.437E-02 
l.l03E-02 1.526E-02 
l.B5OE-03 2.957E-03 
3.419E-04 6.208E-04 
2.076E-04 3.938E-04 
6.548E-05 1.398E-04 
3.990E-05 
1.268E-05 

NOZZLE AREA RATIO IDEAL ISP-SEC 
EQUIL. FROZEN EQUIL. FROZEN 

l.OOOE 00 l.OOOE 00 542.1 550.6 
2.242E 00 2.053E 00 1005.7 978.2 
1.158E 01 9.060E 00 1300.6 1225.4 
6.157E 01 4.278E 01 1458.0 1339.5 
3.154E 02 1.959E 02 1540.1 1392.8 
5.143E 02 3.068E 02 1555.8 1402.2 
1.603E 03 B.55bE 02 1581.9 1416.7 
2.6186 03 1589.9 
8.169E 03 1603.2 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

5.461E 04 5.461E 04 
4.854E 04 4.834E 04 
3.370E 04 3.482E C4 
1.964E 04 2.356E 04 
1.066E 04 1.751E 04 
5.565E 03 1.450E 04 
4.562E 03 1.396E 04 
2.86bE 03 1.311E 04 
2.343E 03 
1.463E 03 

VELOCITY-FT/SEC 
EOUIL. FROZ Eh 

17440. 17714. 
32357. 31474. 
41844. 39427. 
46909. 43096. 
49551. 448 12. 
50055. 45113. 
50896. 45582. 
51153. 
51581. 

MCLEClLAR WT. 
ECUIL. FROZEN 
1.7932 1.7932 
1.8251 1.7932 
1.916C 1.7932 
2 .cooi 1.7932 
2.0159 l-.7932 
2.Cl6C 1.7932 
2.016C 1.7932 
2.C16C 1.7932 
2.016C 
2.Cl6C 

MACH NUMBER 
ECUIL. FROZEN 

l.CCO 1.000 
2.169 2.152 
3.384 3.563 
4.730 5.295 
6.C68 7.779 
7.407 8.762 
9.438 11.644 

10.462 
13.262 

IAC ISP-SEC 
ECUIL. FROZEN 
986.4 974.4 

llE3.3 1137.6 
1392.3 1295.8 
15C6.8 1372.7 
1565.1 1408.0 
1576.1 1414.1 
1594.6 1423.4 
16CO.2 
16C9.7 
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TABLE 187 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSUPE OF 
2000. ATM AND A STAGNATICN TEMPERATURE OF 12COO. OEG R 

THROAT FLOW PARAMETER~EQUIL.) = 251.31 LB-SQRTiCEG RI/SEC-Ff2-ATM 
THROAT FLOW PARAMETERTFROZEN) = 251.13 LB-SQRT(: DEG R) /SEC-FT2-ATM 

FAX WT FLOW PER UNIT AREP(EQUIL.l = 4588.239 tB/SEC-FT2 
MAX MT FLOW PER UNIT AREATFROZEN) = 4584.953 LB/SEC-FTS 

THROAT PRESSURE RATIO(EQUIL.l = 0.5563 
THROAT PRESSURE RATIOIFROZENI = 0.5222 

ENTROPY = 2.33lE 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECCLAR WT. 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER 12000. 12000. 8.092E 04 8.092E 04 1.5591 1.5591 
THROAT 10910. 10167. 7.247E 04 7.219E 04 1.596 f 1.5591 

l.OOOE-Cl 8619. 6556. 5.282E 04 5.48lE 04 1.717 1 1.5591 
l.OOOE-C2 6483. 3403. 3.367E 04 4.064E 04 1.863: 1.5591 
1. OOOE-C 3 4844. 1657. 2.02lE 04 3.347E 04 1.9777 1.5591 
l.OOOE-04 3096. 752. l.llOE 04 3.009E 04 2.0156 1.5591 
5.000E-C5 2598. 586. 9.lbOE 03 2.950E 04 2.016C 1.5591 
l.OOOE-CS 1684. 323. 5.808E 03 2.8bOE 04 2.016C 1.5591 
S.OOOE-06 1388. 4.762E 03 2.016C 
l.OOOE-Cb 880. 2.992E 03 2.ClbC 
5.000E-C7 722. 2.447E 03 2.0160 
l.OOOE-07 455. 1.529E 03 2.0160 

PRESSURE DENS1 TY-LB/FT3 
RATIO EQUIL. FROZEN 

CHAMBER 3.559E-01 3.559E-01 
THROAT 2.231E-01 2.194E-01 

l.OOOE-01 5.458E-02 6.516E-02 
1.000E-02 7.874E-03 1.255E-02 
l.OOOE-C3 l.l19E-03 2.577E-03 
l. OOOE-04 1.784E-04 5.676E-04 
5.000E-05 l.O63E-04 3.643E-04 
l.OOOE-C5 3.280E-05 1.321E-04 
5.000E-06 1.99CE-05 
l.OOOE-06 6.275E-06 
S.OOOE-07 3.823E-06 
l.OOOE-C7 1.214E-06 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC bAC ISP-SEC 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

THROAT l.OOCE 00 l.OOOE 00 639.3 649.6 1152.4 1131.6 
l.OOOE-01 2.242E 00 1.947E 00 1165.6 1123.5 1372.3 1303.2 
l.OOOE-02 1.198E 01 8.135E 00 1511.6 1395.6 1622.1 1470.7 
l.OOOE-C3 7.44lE 01 3.65lE 01 1713.3 1514.7 17@2.0 1548.4 
1 .OOOE-G4 4.35lE 02 1.60lE 02 1837.4 1567.7 1877.6 1582.5 
5.000E-C5 7.203E 02 2.48lE 02 1862.8 1576.8 1896.0 1588.2 
l.OOOE-05 2.282E 03 6.78lE 02 1905.8 1590.6 1926.9 1596.9 
S.OOOE-06 3.734E 03 1919.1 1936.3 
l.OOOE-C6 1.17lE 04 1941.2 1952.0 
S.OOOE-07 1.91SE 04 1948.0 1956.8 
l.OOOE-07 5.994E 04 1959.4 1964.9 

VELOC ITY-FT/SEC 
EQUIL. FROZEh 

20568. 
37501. 
48635. 
55125. 
59117. 
59934. 
61318. 
61744. 
62457. 
62675. 
63040. 

20900. 
36147. 
44903. 
48733. 
50440. 
50731. 
51177. 

ClACH NUMBER 
ECUIL. FROZEN 

l.COO 1.000 
2.162 2.131 
3.407 3.613 
4.571 5.495 
5.876 8.259 
6.444 9.361 
8.088 12.595 
8.950 

11.341 
12.551 
15.866 



TABLE 188 

PERFCRHANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
2coo. AT” AND A STAGNATICN TEMPERATURE OF 14CC0. CEG R 

THROAT FLCW PARAMETERLEQUIL.) = 237.71 LB-SQRTLCEG RI/SEC-FTZ-ATM 
THROAT FLCW P ARAHETER 1 FROZEN 1 = 244.58 LB-SQRTLCEG RI/SEC-FTZ-ATM 

MAX WT FLOW PER UNIT AREAtEQUIL.1 = 4018.004 LB/SEC-FT4 
PAX WT FlOW PER UNIT AREPTFROZEN) = 4134.147 LB/SEC-FT; 

THROAT PRESSURE PATIOLEQUIL.) = 0.5492 
THROAT PRESSURE PATIOLFROZEN) = 0.5259 

ENTROPY = 2.552E 01 BTU/LB-DEG R 

I’RESSUHE TEMPERATURE-OEG R ENTHALPY-BTU/LB HCLECLLAR WT. 
RATIO EfJUIL. FROZEN EOUIL. FROZEN ECUIL. FRCZEN 

CHAMBER 14000. 14000. 1.096E 05 1.096E 05 1.3585 1.3589 
THROAT 12531. 11607. 9.812E 04 9.756E 04 1.3981 1.3589 

l.OOoE-Cl 9722. 7062. 7.309E 04 7.53lE 04 1.5223 1.3589 
l.OOOE-C2 7331. 3312. 4.897E 04 5.849E C4 1.6841 1.3589 
1. OOOE-C 3 5761. 1380. 3.203E 04 5.099E 04 1.835C 1.3589 
l.OUOE-04 4508. 515. 1.967E 04 4.80lE 04 1.96CC 1.3589 
5.000E-C5 4121. 377. 1.666E 04 4.756E C4 1.9873 1.3589 
l.O00E-C5 3040. 1.09lE 04 2.0151 
5.000E-C6 2556. 9.00lE 03 2.0155 
l.OOOE-06 1655. 5.705E 03 2.ClbC 
5.000E-07 1363. 4.677E 03 2.016C 
1. OOOE-C7 865. 2.939E 03 2.016C 

PRESSURE DENS1 TY-LB/FT3 
RATIO EQUIL. FROZEN 

CHAMBER 2.659E-01 2.6S9E-01 
THROAT 1.679E-01 1.687E-01 

l.OOOE-Cl 4.290E-02 5.272E-02 
1.000E-C2 6.293E-03 l.l24E-02 
l.OOUE-C3 t).726E-04 2.699E-03 
l.OUOE-C4 l.l9lE-04 7.230E-04 
5.000E-C5 6.605E-05 4.937E-04 
l.OOOE-C5 1.816E-05 
S.O00E-06 1.0.8 lE-05 
l.OOOE-06 3.33 fE-06 
5.000E-C7 2.02hE-06 
l.OOOE-07 6.388E-07 

PRESSURE NOZZLE AREA RATIO IOEAL ISP-SEC kAC TSP-SEC 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

THROAT l.OOOE 00 l.OOOE 00 743.9 761-e 1322.3 1300.1 
l.OOOE-Cl 2.192E 00 1.894E 00 1328.1 1287-C 1558.9 1480.8 
1 .OOOE-C2 1.159E 01 7.274E 00 1711.8 1571.5 1833.9 1646.0 
l.OOOE-03 7.391E 01 2.829E 01 1936.3 1683.1 2014.2 1712-C 
l.OOOE-C4 5.029E 02 1.030E 02 2085.0 1725.3 2138.0 1735.8 
5.000E-C5 8.920E 02 1.503E 02 2119.6 1731.6 2166.6 1739.3 
l.OOOE-C5 3.149E 03 2184.2 22 17.4 
5.000E-C6 5.24lE 03 2205.3 2232.9 
l.OOOE-C6 1.670E 04 2241.1 2258.7 
5.000E-07 2.738E 04 2252.2 2266.6 
1 .OOOE-07 8.609E 04 2270.8 2279.0 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

CACH NUMBER 
ECUIL. FROZEN 

23934. 24509. 1 .coc 1.ooc 
42730. 41407. 2.167 2.142 
55077. 50562. 3 -449 3.694 
62300. 54151. 4.638 5.870 
67082. 55510. 5.809 9.522 
68197. 55712. 6.161 11.092 
70275. 7.c73 
70952. 7.691 
72105. 9.591 
72461. 10.595 
73059. 13.384 
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TABLE 189 

PERFCRMANCE PARAMETERS FOR )iYOROGEN AT A STAGNATICN PRESSUPE OF 
2CO0. ATM AND A STAGNATION TEMPERATURE OF 16COO. CEG R 

THROAT FLOW PPRAHETER(EQUIL.) = 228.71 LB-SQRTtOEG RI/SEC-FTZ-ATM 
THROAT FLOW PARAHETER(FROZENl = 235.70 LB-SQRTICEG RI/SEC-FTZ-ATC 

PAX WT FLOW PER UNIT AREA(EQUIL.1 = 3616.192 LB/SEC-FT2 
PAX nl FLOY PER UNIT AREA(FROZEN) = 3726.783 LB/SEC-FT; 

THROAT PRESSURE AATTO(EQUIL.) = 0.5417 
THROAT PRESSURE RATIO(FROZEN) = 0.5146 

ENTROPY = 2.728E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R 
RATIO EQUIL. FROZEN 

CHAMBER 16000. 16000. 
THROAT 14018. 12892. 

l.OOOE-01 10577. 7498. 
1 .OOOE-C2 7874. 3314. 
l.OOOE-03 6222. 1338. 
l.OOOE-04 5044. 502. 
S.OOOE-05 4735. 371. 
l.OOOE-C5 4029. 
S.OOOE-C6 3690. 
l.OOOE-C6 2673. 
5.000E-07 2231. 
l.OOOE-0 7 1433. 

PRESSURE DENSITY- 
RATIO EQUIL. 

CHAMBER 2.091E-01 
THROAT 1.332E-03 

l.OOOE-Cl 3.572E-02 
l.OOOE-C2 5.369E-03 
l.OOOE-03 7.49 ZE-04 
l.OOOE-C4 l.O03E-04 
5,00OE-C5 5.459E-05 
l.OOOE-C5 1.338E-05 
5.000E-Cb 7.401E-06 
l.OOOE-C6 2.066E-06 
5. OOOE-C 7 1.238E-06 
l.OOOE-07 3.854E-07 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC LAC ISP-SEC 
RATIO EQUI L. FROZEN EOUIL. FRDZ EN ECUIL. FROZEN 

THROAT l.OOOE 00 l.OOOE 00 843.6 867.t 1477.6 1451.9 
l.OOOE-0 1 2.134E 00 1.819E 00 1474.1 1427.5 1723.9 1634.1 
l.OOOE-C2 l.llOE 01 6.655E 00 1885.7 1724.2 2015.6 1799.8 
l.OOOE-03 7.062E 01 2.524E 01 2124.1 1835.9 22C6.7 1864.6 
l.OOOE-04 4.907E 02 9.264E 01 2282.9 1877.8 234C.4 lF88.3 
5.000E-05 8.871E 02 1.363E 02 2320.8 1884.C 2372.7 1891.8 
l.OOOE-C5 3.506E 03 2395.4 2436.4 
5.000E-C6 6.269E 03 2422.4 2459.1 
l. O@OE-C6 2.200E 04 - 2472.8 2458.5 
5.000E-07 3.648E 04 2489.1 2510.4 
1 .OOOE-07 1.159E 05 2516.8 2530.3 

.LB/FT3 
FROZEN 

2.091E-01 
1.335E-01 
4.461E-02 
l.O09E-02 
2.500E-03 
6.658E-04 
4.511E-04 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

1.359E 05 1.359E 05 
1.212E 05 1.203E C5 
9.097E 04 9.376E 04 
6.237E 04 7.443E 04 
4.261E 04 6.620E 04 
2.813E 04 6.299E C4 
;.;;fE (I; 6.250E 04 

1:456E 04 
9.459E 03 
7.787E 03 
4.922E 03 

MCLECLLAR WT. 
ECUIL. FROZEN 
1.221c 1.2210 
1.2584 1.2210 
1.379c 1.2210 
1.543c 1.2210 
1.7015 1.2210 
1.8472 1.2210 
1 .a872 1.2210 
1.967@ 
1.9935 
2.0157 
2.C16C 
2.016C 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

PACH NUMBER 
ECUIL. FROZEN 

27142. 27913. 1 .ooo 1.000 
47429. 45929. 2.175 2.139 
60671. 55475. 3.497 3.779 
68340. 59069. 4.718 6.136 
73452. 60415. 5.907 10.031 
74670. 60617. 6.265 11.670 
77070. 7.101 
77938. 7.456 
79560. 8.471 
80084. 9.244 
80974. 11.553 



TABLE 190 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
2000. AT” AND A STAGNATICN TEMPERATURE OF. 18COO. CEG P 

THROAT FLOW PARAHETER(EQUIL.1 = 224.20 LB-SQRT(CEG RI/SEC-FTZ-ATM 
THROAl FLOW PARAMETERTFROZEN) = 230.47 LB-SQRTTDEG R)/SEC-FTZ-ATM 

IAX WT FLOW PER UNIT AREP(EQUIL.l = 3342.227 LB/SEC-FTE 
PAX WT FLOW PER UNIT AREAIFROZEN) = 3435.663 LB/SEC-FT2 

THROAT PRESSURE HATIO~EQUIL.1 = 0.5349 
THROAT PRESSURE RATIOTFROZEN) = 0.5C6C 

ENTROPY = 2.855E 01 BTU/LB-DEG R 

PRESSUKE TEMPERATURE-DEG R 
RATIO EQUI L. FROZEN 

CHAMBER 18000. 18000. 
THROAT 15386. 14190. 

l.OOOE-Cl 11126. 8000. 
1. OOOE-C 2 8236. 3399. 
l.OOOE-C3 6492. 1349. 
1 .OOOE-C4 5302. 509. 
5. OOOE-C 5 5co5. 378. 
l.OOOE-C5 4375. 
5.000E-C6 4113. 
l.OOOE-C6 3439. 
5.000E-07 3055. 
l.OOOE-C7 2046. 

PRESSURE 
RATIC 

CHAMBER 
THROAT 

l.oOoE-01 
l.OOOE-C2 
l.OOOE-03 
l.OOOE-04 
5. OOOE-CS 
l.OOOE-05 
S.OOOE-C6 
l.OOOE-06 
5.000E-C7 
l.OOOE-07 

PRESSURE 
RATI 0 

THROA 1 
l.OOOE-01 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-04 
5.000E-C5 
l.OOOE-C5 
5*000E-06 
l.OOOE-06 
S.OOOE-07 
l.OOOE-07 

DENSITY-LB/FT3 
EQUIL. FROZEN 

1.734E-01 1.734E-01 
l.l16E-01 l.l13E-01 
3.154E-02 3.901E-02 
4.816E-03 9.183E-03 
6.784E-04 2.313E-03 
9.083E-05 6.128E-04 
4.928E-05 4.133E-04 
1*186E-05 
6.429E-06 
1.591E-06 
9.02 LE-07 
2.699E-07 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOOE 00 l.OOOE 00 
2.049E 00 1.767E 00 
1.065E 01 6.261E 00 
6.740E 01 2.343E 01 
4.695E 02 8.658E 01 
8.516E 02 1.280E 02 
3.430E 03 
6.258E 03 
2.474E 04 
4.330E 04 
1.428E 05 

ENTHALPY-BTU/L B 
EOUIL. FROZEN 

1.574E 05 1.574E 05 
1.395E 05 1.384E 05 
1.040E 05 1.078E 05 
7.260E 04 8.608E 04 
5.068E 04 7.712E C4 
3.470E 04 7.365E 04 
3.071E 04 7.312E 04 
2.260E 04 
1.954E 04 
1.3376 04 
1.114E 04 
7.110E 03 

MCLECLLAR HT. 
ECLIL. FROZEN 
1.139; 1.1392 
1.1721 1.1392 
1.2805 1.1392 
1.4481: 1.1392 
1.6074 1.1392 
1.7575 1.1392 
1 .eccE 1.1392 
1.8935 
1.9301 
1.9965 
2*CllL, 
2.C16C 

VELOC I TY-FT/SEC 
EOUIL. FROZEN 

CACI’ NUMBER 
ECliIL. FROZEN 

29938. 30875. 1 *coo 1.000 
51710. 49841. 2.21c 2.136 
65159. 59756. 3 -545 3.842 
73096. 63397. 4.797 6.324 
78376. 64754. 6 -006 10.369 
79640. 64959. 6.368 12.05C 
82150. 7.211 
83076. 7.578 
84915. 8.420 
85571. 8.764 
86742. 10.426 

IDEAL ISP-SEC 
EDUIL. FROZEN 

930.5 959. c 
1607.2 1549.1 
2025.2 1857.3 
2271.9 1970.4 
2436.0 2012. t 
2475.3 2019-C 
2553.3 
2582.1 
2639.2 
2659.6 
2696.0 

LAC ISP-SEC 
ECUIL. FROZEN 

ltC7.8 1582.8 
18C6.7 1766.8 
2160.1 1934.4 
2357.2 1999.3 
2495.4 2023.3 
2529.2 2026.9 
25st.7 
2621.7 
2670.6 
26E7.0 
27 14.1 
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TABLE 191 

PERFORMANCE PARAMETERS FOR HVDROGEN AT C STAGNATICN PRESSURE OF 
2CO0. ATM AND A STAGNATICN TEMPERATURE OF 20CO0. CEG P 

THROAT FLOW PARAMETER(EQUIL.1 = 221.86 LB-SPRT(OEG RI /SEC-FT2-ATM 
THROAT FLOW PARAMETERTFROZEN) = 227.40 LB-SQRTICEG RI/SEC-FTE-ATM 

PAX WT FLOW PER UNIT AREA(EQUIL.) = 3137.588 LB/SEC-FT2 
FAX WT FLOW PER UNIT AREAiFROZEN) = 3215.979 LB/SEC-FT2 

THROAT PRESSURE RATIO(EQUTL.l = 0.5229 
THROAT PRESSURE RATIOtFROZENl = 0.5CO3 

ENTROPY = 2.950E 01 BYU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECLLAR WT. 
RATIO EQUI L. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER 20000. 20000. 1.754E 05 1.754E 05 1.a917 1.0917 
THROAT 16677. 15542. 1.54lE 05 1.531E C5 1.1183 1.0917 

l.OOOE-Cl 11692. 8594. 1.148E 05 1.187E Of 1.2172 1.0917 
l.OOOE-C2 8 506. 3566. 8.056E 04 9.466E 04 1.3815 1.0917 
l.OOOE-03 6676. 1403. 5.694E 04 8.490E 04 1.5401 1.0917 
l. OOOE-04 5462. 532. 3.983E 04 8.113E C4 1.6917 1.0917 
!?i.OOOE-C5 5166. 395. 3.556E 04 8.055E 04 1.7354 1.0917 
l.OOOE-C5 4553. 2.685E 04 1.@32& 
5*000E-06 4311. 2.356E 04 1.8711 
l.OOOE-Cb 3754. 1.681E 04 1.954c 
5.000E-C7 3490. 1.427E 04 l-S825 
l.OOOE-07 2633. 9.328E 03 2.0152 

PRESSURE DENSITY-LB/FT3 
RATIO EQUI L. FROZEN 

CHAMBER 1.495E-01 1.495E-01 
THROAT 9.606E-02 9.627E-02 

l.OOOE-Cl 2.853E-02 3.4806-02 
1 .OooE-C2 4.449E-03 8.388E-03 
l.OOOE-03 6.321E-04 2.132E-03 
l.OOOE-04 8.485E-05 5.625E-04 
!i.OOOE-C5 4.602E-05 3.783E-04 
1. OOOE-C 5 l.l03E-05 
5*000E-06 5.948E-06 
l.OOOE-06 1.426E-06 
5.000E-C7 7.782E-07 
l.OOOE-07 2.097E-07 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC VAC ISP-SEC 
RAT1 0 EQUI L. FROZEN EOUIL. FROZEk ECUIL. FROZEN 

THROAT l.OOOE 00 l.OOOE 00 1015.2 1038.3 1720.4 1696.6 
l. OOOE-0 1 1.998E 00 1.735E 00 11711.3 1655.7 1980.7 1884.0 
l.OOOE-02 1.024E 01 6.030E 00 2141.6 1976.1 2279.6 2055.4 
l.OOOE-03 6.446E 01 2.241E 01 2393.4 2092.1 2460.4 2’121.5 
l.OOOE-04 4.489E 02 8.322E 01 2560.5 2135.2 2621.1 2146.2 
5*000f-05 8.149E 02 1.234E 02 2600.6 2141.8 2655.5 2149.9 
l.OOOE-C5 3.300E 03 2600.3 2724.8 
5.000E-C6 6.050E 03 2709.8 275C.6 
l.OOOE-C6 2.47CE 04 2769.4 28C2.7 
5*000E-07 4.489E 04 2791.4 2821.7 
l.OOOE-C7 1.64I.E 05 2833.9 2856.1 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

MACH NUMBER 
ECUIL. FROZEN 

32662. 33406. 1 *COO 1.000 
55058. 53270. 2.221 2.134 
68903. 63578. 3.593 3.884 
77006. 67310. 4 -872 6.441 
82383. 68698. 6.102 10.572 
83670. 68909. 6.469 12.277 
86235. 7.320 
87186. 7.689 
89102. 8.555 
89811. 8.926 
91179, 9.826 
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TABLE 192 

PERFCRCANCE PARAMETERS FOR HYDROGEN Al A STAGNATICN PRESSURE OF 
2000. ATM AND A STAGNATICN TEMPERATURE OF 3CCO0. CEG R 

THROAT FLOk PARAMETER(EQUIL.1 = 211.45 LR-SQRTtCEG RI/SEC-FT2-ATP 
THROAT FLGW PARAMETERfFROZENI = 219.90 LB-SPRTLCEG R)/SEC-FTZ-AT!’ 

FAX MT FLOW PER UNIT AREA(EaUIL.1 = 2441.648 LB/SEC-FTE 
PAX WT FLOW PER UNIT AREPTFROZEN) = 2539.232 LB;/SEC-FTi 

THROAT PRFSSURE PATIO(EQUIL.) = 0.531@ 
THR;;;R;;;SSURE RATIO(FROZEN) = 0.493C 

= 3.257E 01 BTU/LB-DEG R 

PRESSUKE TEMPERATURE-DEG R ENTHALPY-BTU/LB NCLECLLAR WT. 
RATIO EOUIL. FROZEN EQUIL. FROZEN EELIL. FRCZEN 

CHAMKEH 3ocoo. 30000. 2.514E 05 2.514E 05 1.0115 1.0119 
THKOAT 25 128. 23075. 2.173E 05 2.147E 05 1.c2c; 1.0119 

l.OOOE-01 14837. 12412. 1.548E 05 1.607E C5 1.058 I 1.0119 
L.OOOE-C2 9483. 5000. 1.081E 05 1.238E 05 1.193c 1.0119 
1 .OOuE-03 7227. 1956. 7.830E 04 1.091E 05 1.345c 1.0119 
L.OOOE-04 5881. 748. 5.727E 04 1.034E 05 1.4931 l.OlL9 
5. oooli-c5 5567. 558. 5.207E 04 1.025E 05 1.537c 1.0119 
l.OOOE-CS 4946. 283. 4.149E 04 1.013E 05 1.635s 1.0119 
5.000E-C6 4713. 3.747E 04 1.6771 
l.OOOE-06 4232. 2.918E 04 1.771c 
5.000E-07 4043. 2.600E 04 1.809E 
l.OOOE-07 3628. 1.938E 04 1.8955 

PRESSURE DENSITY-LB/FT3 
RATIO EauIL. FROZEN 

CHAMBER 9.241E-02 9.241E-02 
THROAT 5.916E-02 5*923E-02 

l.OOOE-01 1.954E-02 2.233E-02 
i.OOOE-C2 3.448E-03 5.544E-03 
l.OOOE-C3 5.099E-04 1.418E-03 
l.OOUE-C4 6.959E-05 3.707E-04 
5.000E-05 3.782E-05 2.482E-04 
1.000E-CS 9.062E-06 9.803E-05 
5*000E-C6 4.875E-06 

; l.OOOE-06 1.1466-06 
5.000E-07 6.132E-07 
1. OOOE-C 7 1.431E-07 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC \rAC I SP-SEC 
RATIO EQUIL. FKOZEN EQUIL. FROZEN ECUIL. FROZEN 

THROAT l.OOOE 00 l.OOOE 00 1282.9 1332.4 22C4.7 2154.1 
l.OOOE-Cl 1.797E 00 1.608E 00 2161.4 2093.5 2472.9 2374.8 
l.OOOE-C2 8.362E 00 5.731E 00 2632.1 2483-e 2777.0 2579.3 
l.oOOE-03 5.145E 01 2.122E 01 2893.0 2623. C 29e2.2 2658.4 
l.OOOE-04 3.560E 02 7.959E 01 3063.8 2674.9 3125.5 2688.2 
5.000E-C5 6.464E 02 1.185E 02 3104.5 2682.9 31t0.6 2692.8 
l.OOOE-C5 2.629E 03 2.988E 02 3185.9 2694.4 3231.5 2699.4 
5*000E-C6 4.84CE 03 32 16.2 3258.2 
l.OUOE-06 2.019E 04 3278.0 3313.0 
5.000E-C7 3.749E 04 3301.4 3333.9 
l.OOOE-07 1.583E 05 3349.5 3376.9 

VELOCITY-FT/SEC 
EQUIL. FROZEN 

CACH NLMBER 
ECUIL. FROZEN 

41275. 42870. 1 .ooo 1.000 
69540. 67356. 2.234 2.13C 
84684. 79913. 3.839 3.945 
93081. 84392. 5.261 6.593 
98574. 86063. 6.599 10.808 
99806. 86319. 6.994 12.530 

102503. 86690. 7 -900 17.656 
103479. 8.288 
105465. 9.190 
106218. 9.581 
107767. 10.498 
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TABLE 193 

PERFCRMANCE PARAMETERS FDR HYDROGEN AT A STAGNATICN PRESSUFE OF 
2000. ATM AND A STAGNATICN TEMPERATURE OF 4OCOO. CEG R 

THROAT FLCW PARAMETERIEQU1L.I = 203.86 LB-SQRTI CEG RI /SEC-FT2-ATM 
THROAT FLOW PARAMETER(FROZEN1 = 214.93 LB-SQRTICEG RI/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREA1EOUIL.l = 2038.647 LB/SEC-FT2 
MAX WT FLOW PER UNIT AREAtFROZENl = 2149.304 LB/SEC-FTi 

THROAT PRESSURE RATIOTEQUIL.1 = 0.5738 
THROAT PRESSURE AATIOtFROZENI = 0.5211 

ENTROPY = 3.581E 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECULAR WT. 
RATIO EQUIL. FROZEN EQUIL. FROZEN ECUIL. FROZEN 

CHAMBER 40000. 40000. 3.677E 05 3.677E 05 0.943c 0.9430 
THROAT 35653. 3 1827. 3.212E 05 3.16lE C5 0.9581 0.9430 

l.OOOE-Cl 23805. 16977. 2.159E 05 2.335E 05 l.COOS 0.9430 
l.OOOE-C2 11431. 6867. 1.402E 05 1.792E 05 1.0455 0.9430 
l.oOOE-03 7874. 2713. 1.027E 05 1.575E 05 1.1764 0.9430 
l.OOOE-C4 6263. 104I. 7.691E 04 1.490E 05 1.3165 0.9430 
5.000E-C5 5913. 784. 7.064E 04 1.477E 05 1.3582 0.9430 
l.OOOE-C5 5 240. 399. 5.798E 04 1.457E 05 1.4531 0.9430 
5. OOOE-C 6 4996. 5.319E 04 1.4937 
l.OOOE-C6 4503. 4.334E 04 1.585C 
S.OOOE-07 4317. 3.955E 04 1.6244 
l.OOOE-07 3929. 3.165E 04 1.7127 

PRESSURE DENSITY- 
RATIO EQUIL. 

CHAMBER 6.459E-02 
THROAT 4.225E-02 

l.OOOE-01 1.1526-02 
l.OOOE-C2 2.506E-03 
l.OOOE-03 4.097E-04 
1.000E-04 5.759E-05 
5.000E-C5 3.146E-05 
l.OOOE-C5 7.598E-06 
5.000E-06 4.096E-06 
l.OOOE-C6 9.647E-07 
5,00OE-07 5. L55E-07 
l.OOOE-07 l.l94E-07 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC 
RATIO EQIJIL. FROZEN EQUIL. FROZEh 

THROAT l.OOCE 00 l.OOOE 00 1499.8 1579.2 
l.OOOE-01 2.03IE 00 1.723E 00 2708.9 2547.4 
l.OOOE-C2 7.623E 00 5.882E 00 3317.0 3018.8 
l.OOOE-03 4.324E 01 2.200E 01 3579.9 3188.3 
l.OOOE-04 2.934E 02 8.327E 01 3749.9 3252.1 
5.000E-05 5.314E 02 1.243E 02 3790.1 3262.0 
l.OOOE-C5 2.155E 03 3.153E 02 3870.0 3276.3 
5.000E-C6 3.967E 03 3899.8 
l.OOOE-C6 1.658E 04 3960.4 
5.000E-07 3.086E 04 3983.5 
l.OOOE-07 1.316E 05 4031.1 

pLB/FT3 
FROZEN 

6.459E-02 
4.230E-02 
l-5226-02 
3.762~-03 
9.524E-04 
2.467E-04 
1.647E-04 
6.467E-05 

VELOCITY-FT/SEC T’ACH NUMBER 
EQUIL. FROZEN ECUIL. FROZEN 

48255. 50811. 
87155. 81959. 

106722. 97126. 
115180. 102579. 
120648. 104633. 
121942. 104951. 
124515. 105411. 
125473. 
127424. 
128165. 
129698. 

l.COO 
2.187 
4.012 
5.785 
7.321 
7.764 
8.774 
9.202 

10.190 
10.613 
11.594 

1.000 
2.138 
3.963 
6.593 

10.755 
12.452 
17.491 

VAC ISP-SEC 
ECUIL. FROZEN 

2651.0 2605.3 
313c.4 2886.7 
3475.3 3134.6 
3669.7 3231.6 
381C.8 3268.5 
3845.2 3274.2 
3914.8 3282.5 
3941.0 
3954.9 
4015.5 
4058.5 



TABLE 194 

PERFCRMANCE PARAMETERS FOR HYDROGEN AT A STAGNATICN PRESSUFE CF 
2coo. ATF AND A STAGNATICN TEMPERATURE OF SCCCO. CEG F 

TtiROAT FLOW PARAMETER(EQUIL.1 = 184.48 LB-SQRTtCEG RI/SEC-FT2-Air 
TrlROAT FLOW PARAMETERtFROZEN) = 191.43 LB-SQRTiCEC R)/SEC-FTZ-ATr 

PAX MT FLOW PER UNIT AREA(EQUIL.l * 1650.063 LB/SEC-FT2 
FAX WT Fl.Ow PER UNIT AREA(FRDZEN1 = 1712.209 LB/SEC-FT2 

THROAT PRESSURE RATID(E0UIL.I = 0.5551 
THROAT PRESSURE RATIOtFROZEN) = 0.5197 

ENTROPY = 4.COZE 01 BTU/LB-DEG R 

PRESSURE TEMPERATURE-DEG R ENTHALPY-BTU/LB MCLECCLAR .kT. 
RATIO EQUI L. FROZEN EQUIL. FROZEN ECUIL. FROZE’\ 

CHAMBER 5OQOO. 50000. 5.577f 05 5.577E 05 0.8345 0.8345 
THROAT 44996. 41441. 4.917E 05 4.865E 05 0.8495 0.8345 

l.OOOE-Cl 33412. 23121. 3.384E 05 3.619E 05 0.913t 0.8345 
1. OOOE-C 2 21378. 9538. 2.073E 05 2.782E 05 0.592c 0.8345 
l.OOOE-C3 10086. 4223. 1.391E 05 2.426E 05 l-022? 0.8345 
l.OOOE-C4 6857. 1963. 1.044E 05 2.265E C5 1.13lC 0.8344 
S.OOOE-C5 6397, 1567. 9.65lE 04 2.236E 05 1.1695 0.8345 
l.OOOE-C5 5586. 934. 8.076E 04 2.189E 05 1.2576 0.8345 
5.000E-06 5308. 749. 7.489E 04 2.175E 05 1.2952 0.8345 
l.OOOE-C6 4766. 449. 6.287~ 04 2.153E C5 1.3814 0.8349 
5.000E-07 4567. 5.828E 04 1.4181 
l.OOOE-07 4 163. 4.872E 04 l.SC2C 

PRESSURE DENSITY- 
RAT1 0 EQUIL. 

CHAMBER 4.575E-02 
THROAT 2.87 3E-02 

l.OOOE-Cl 7.492E-03 
l.OOOE-C2 1.277E-03 
L.OOOE-03 2.777E-04 
l.OOOE-04 4.521E-05 
5.0OOE-C5 2.504E-05 
l.OOOE-05 6.168E-06 
5.000E-06 3.343E-06 
L.OOOE-C6 7.941E-07 
5.000E-C7 4.254E-07 
l.OOOE-07 9.884E-08 

PRESSURE NOZZLE AREA RATIO IDEAL ISP-SEC VAC ISP-SEC 
RATIO EQUIL. FROZEN EQUI L. FROZEh ECUIL. FRCLE\ 

THROAT l.OOOE 00 l.OOOE 00 1785.2 1855.1 32CS.0 3139.’ 
l.OOOE-Cl 2.102E 00 1.748E 00 3256.4 3076. t 3755.6 35cr.s 
l.oOOE-02 9,794E 00 6.036E 00 4116.1 3676.4 4367.3 3825.G 
l.OOOE-C3 4.105E 01 2.517E 01 4498.9 3903.2 46C4.1 3965. * 
l.OOUE-04 2.423E 02 1.14lE 02 4681.6 4001.e 4743.7 4c3c.i 
5.000E-05 4.337E 02 1.814E 02 4722.3 4019.3 4777.9 4041. - 
l.OOOE-C5 1.73lE 03 5.3686 02 4802.3 4047.4 4846.7 4Cb:.? 
5.000E-C6 3.175E 03 8.588E 02 4831.8 4055.6 4872.5 4Cb6.: 
l.OOOE-Cb 1.32CE 04 2.568E 03 4891.6 4069.C 4925.4 4C75.’ 
5.000E-C7 2.453E 04 4914.2 4945.7 
l.OOOE-C7 1.046E 05 4961.0 49E7.8 

LB/FT3 
FROZEN 

4.575E-02 
2.869E-02 
9.893E-03 
2.398E-03 
5.417E-04 
l.l65E-04 
7.3oOE-05 
2.450E-05 
1.528E-05 
5.092E-06 

VELOCITY-FT/SEC PACH NLMfJER 
EQUIL. FROZEh ECLIL. FRCZE4 

57437. 59688. 1 -coo 
104772. 98988. 2.205 
132431. 118283. 3.574 
144746. 125582. 5.817 
150625. 128755. 8.036 
151936. 129317. 8.579 
154509. 130220. 9.773 
155458. 130486. 10.270 
157382. 130916. 11.399 
158110. 11.878 
159615. 12.978 

l.CCC 
2.088 
3.94c 
6.425 
9.774 

ll.OCS 
14.4c4 
16.136 
20.92f 
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TABLE 195 

PERFCRCANCE PARAMElERS FOR HYDROGEN AT A STAGNATICN PRESSURE OF 
2COO. ATM AND A STAGNATICN TEMPERATURE OF 75COO. CEG F 

THRDAT FLCY PARAMETERIEQUIL.1 = 162.52 LB-SQRTI CEG R1 /SEC-FTZ-ATM 
THROAT FLCW PARAMETERtFROZENI = 165.42 LB-SQRTtCEG RI/SEC-FT2-ATM 

PAX IJT FLOW PER UNIT AREA1EQUIL.) = 1186.891 LB/SEC-FTi 
PAX WT FLOW PER UNIT AREAIFROZENI = 1208.045 LB/SEC-FT2 

THROAT PRESSURE RATIO(EQUIL.l = 0.5324 
THROAT PRESSURE RATIO(FROZEN1 = 0.5162 

ENTROPY * 4.966E 01 BTU/LB-DEG R 

PRESSURE 
RATIC 

CHAMBEP 
THROAT 

1.000E-C 1 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
1. OOOE-C 5 
5.000E-06 
l.OOOE-06 
5.000E-C7 
l.OOOE-C7 

PRESSUPE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-C 1 
1 .OOOE-C2 
l.OOOE-03 
l.OOOE-C4 
5. OOOE-C 5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
l.oOOE-07 

PRESSURE NOZZLE AREA RATIO 
RATIG EQUIL. FROZEN 

THROAT l.OOCE 00 l.OOOE 00 
l.OOOE-01 2.047E 00 1.759E 00 
l.OOOE-G2 1.006E 01 5.94lE 00 
L.OOOE-C3 6.002E 01 2.293E 01 
l.OOOE-C4 3.83RE 02 9.408E 01 
5.000E-C5 6.6596 02 1.448E 02 
l.OOOE-C5 2.059E 03 3.966E 02 
5.000E-C6 3.109E 03 6.131E 02 
l.OOOE-C6 l.OlCE 04 1.691E 03 
5.000E-07 1.826E 04 
l.OOOE-C7 7.544E 04 

TEMPERATURE-DEG R 
EQCIL. FROZEN 
75000. 75000. 
64558. 61178. 
46593. 34329. 
33co9. 13855. 
24692. 5661. 
18491. 2374. 
16Cl7. 1834. 
10749. 1010. 

8 172. 782. 
5579. 432. 
5203. 
4609. 

DENSITY-LB/FT3 
EQUIL. FROZEN 

2.232E-02 2.232E-02 
1.412E-02 1.413E-02 
3.993E-03 4.877E-03 
6.435E-04 I. 209E-03 
9.700E-05 2.958E-04 
1.428E-05 7.052E-05 
8.12 lE-06 4.566E-05 
2.569E-06 1.658E-05 
1.69 lE-06 l.O7lE-05 
5.154E-07 3. B74E-06 
2.84lE-07 
6.831E-08 

ENTHALPY-BTU/LB 
EQuIL. FROZEN 

1.150E 06 1.150E CC 
1.009E 06 1.004E Ct 
7.293E 05 7.542E CS 
4.794E 05 5.849E C5 
3.203E 05 5.165E C5 
2.130E 05 4.882E C5 
1.882E 05 4.835E C5 
1.452E 05 4.763E 05 
1.323E 05 4.743E G5 
1.119E 05 4.712E C5 
1.050E 05 
9.093E 04 

MCLECLLAR WT. 
ECLIL. FROZEN 
C.6111 0.6111 
C.6251 0.6111 
0.6791 0.6111 
0.7751 0.6111 
0.874; 0.6111 
0.9635 0.6111 
0.5851 0.6111 
l.CO81 0.6111 
1.CO8Z 0.6111 
1.0495 0.6111 
1.0789 
I.1492 

VELOC ITY-FT/SEC 
EQUIL. FROZEN 

PACH NUPBER 
ECLIL. FROZEN 

84044. 85517. 1 .coo l.OCC 
145205. 140835. 2.179 2.097 
183278. 168268. 3.597 3.897 
203855. 178147. 5 .cc3 6.525 
216629. 182076. 6.481 lC.369 
219480. 182723. 6.950 11.856 
224333. 183710. 8.600 16.094 
225761. 183983. 10.233 18.328 
228010. 184403. 13.167 24.728 
228774. 13.936 
230304. 15.495 

IDEAL ISP-SEC 
EQUIL. FROZEN 
2612.2 2658.C 
4513.1 4377.3 
5696.5 5229. S 
6336.0 5537-c 
6733.1 5659.1 
6821.7 5679.2 
6972.5 5709.5 
7016.9 5718.4 
7086.8 5731.4 
7110.5 
7158.1 

VAC I SP-SEC 
ECLIL. FROZEN 

45 lC.4 4466.1 
5242.9 4993.4 
6055.3 5438.0 
6550.0 5617.3 
68tS.9 5692.1 
694C.4 5704.6 
7045.9 5723.8 
7072.3 5729.1 
7122.8 5737.3 
7143.1 
71e5.0 
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TABLE 196 

PERFCRCANCE PARAMETERS FOR FYDROGEN AT A STAGNATICN PRESSUFE CF 
ZCCO. AT?’ AN0 A STAGNATICN TEMPERATURE OF lCCCC0. LEG U 

THROAT FLCW PARAMETER(ECUIL.1 = 158.87 LB-SQRTTCEG RI/SEC-FTZ-ATM 
THROAT FLCW PLRAHETERIFROZEN) = 159.88 LB-SQRT(CEG RI/SEC-FTZ-ATM 

FAX kT FLCW PER UNIT AREP(ECUIL.1 = lC04.787 LB/SEC-F12 
FAX kT FLCW PER UNIT AREb(FROZEN1 = 1011.158 LB/SEC-FTE 

THROAT PRESSURE RATIOIEQUIL.l = 0.5111 
THROAT PRESSURE RATIO(FROZEN1 = 0.5C63 

ENTROPY = 5.436E 01 BTU/LB-DEG R 

PRESSURE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.oOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-Cb 
5.000E-C7 
l.OOOE-07 

PRESSURE 
RAT 1C 

CHAMBER 
THROAT 

1.0OOE-C 1 
1.000E-C2 
l.OOOE-03 
l.OOOE-C4 
5.000E-C5 
l.OOOE-c5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
1 .OOOE-C7 

PRESSLRE 
RATIO 

THROAT 
l.OOOE-01 
l.OOOE-C2 
l.OOOE-C3 
l.OOOf-C4 
s.OooE-C5 
I. OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C 7 
1.000E-07 

TEMPERATURE-DEG R 
EOUI L. FROZEN 

1cocoo. 100000. 
80 509. 78591. 
53 F90. 43387. 
36541. 17465. 
27396. 6998. 
21405. 2838. 
19934. 2166. 
16781. 1159. 
15404. 886. 
10953. 475. 

8412. 
5127. 

DENSITY- 
EQLIL. 

1.495E-02 
9.617E-03 
3.028E-03 
5.08lE-04 
7.739E-05 
l.llOE-05 
6.147E-06 
l-5566-06 
8.675E-07 
2.519E-07 
1.641E-07 
5.49f!E-08 

.LB/FT3 
FROZEN 

1.495E-02 
9.63lE-03 
3.445E-03 
8.559E-04 
2.136E-04 
5.268E-05 
3.451E-05 
1.290E-05 
8.439E-06 
3.148E-06 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.COCE 00 l.OOOE 00 
1.931E 00 1.734E 00 
9.266E 00 5.86LE 00 
5.505E 01 2.22lE 01 
3.627E 02 8.820E 01 
6.46CE 02 1.342E 02 
2.49lE 03 3.573E 02 
4.430E 03 5.454E 02 
1.502E 04 1.459E 03 
2.295E 04 
6.805E 04 

ENTHALPY-BTU/LB 
EQUIL. FROZEh 

1.554E 06 1.554E Cc 
1.336E 06 1.334E Ot 
9.639E 05 9.822E C5 
6.444E 05 7.426E Of 
4.430E 05 6.467E C5 
3.075E 05 6.08lE c5 
2.752E C5 6.018E c5 
2.117E 05 5.924E C5 
1.887E 05 5.898E C5 
1.455E 05 5.859E C5 
1.336E 05 
1.135E 05 

VELOC ITY-FT/SEC 
EQUIL. FROZEh 

104476. 104994. 
171888. 169205. 
213405. 201557. 
235847. 213132. 
249811. 217620. 
253028. 218341. 
259236. 21942C. 
261447. 219712. 
265552. 220152. 
266662. 
268547. 

IDEAL ISP-SEC 
EQUIL. FROZEh 
3247.2 3263.3 
5342.5 5259.1 
6632.8 6264. t 
7330.3 t624.3 
7764.4 6763.8 
7864.4 6786.2 
8057.3 6819-E 
8126.0 6828.5 
8253.6 6842.5 
8288. I 
8346.7 

MCLECULAR WT. 
ECLIL. FROZEN 
0.545t 0.545t 
0.5529 0.5456 
0.5933 C.5456 
O.t77i 0.5456 
C.773E 0.5456 
0.8675 0.5456 
0.8946 0.5456 
0.953: 0.5456 
0.9755 0.5456 
l.CO7C C-5456 
l.CO81 
1 .C286 

CACH NbPBER 
ECLIL. FROZEN 

l-CC0 l.OCC 
2.162 2.113 
3.t71 3.915 
5.144 6.568 
6.t28 10.569 
7.085 12.146 
8.187 16.704 
8.t88 19.13e 
9.457 26.201 

11.875 
16 .cs9 

VAC TSP-SEC 
ECLIL. FROZEN 

54CC.l 5382.5 
6155.6 5985.0 
7023.1 6509.9 
7562.2 6717.3 
79 17.0 6800. R 
8CCC.4 6814.3 
8162.2 t834.7 
8215.3 6840.3 
831t.9 6848.6 
8336.5 
8375.4 
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TABLE 197 

PERFCRPANCE PARAMETERS FOR HYDROGEN Al A STAGNATICN PRESSURE OF 
2coo. ATP AND A STAGNATICN TEMPERATURE DF 15CCCO. CEG P 

THROAT FLCW PARAMETERTEQUIL.) = 158.80 LB-SORTLCEG Rl/SEC-FTZ-ATM 
THROAT FLCW PARAMETER(FROZEY) * 158.79 LB-SORTTCEG RI/SEC-FTZ-ATM 

PAX WT FLOW PER UNIT AREAdECUIL.1 = 820.02C LB/SEC-FTE 
FAX UT FLOW PER UNIT AREAtFROZEN) = 820.002 LB/SEC-FTi 

THROAT PRESSURE PATIOTEOUIL.) = 0.4925 
THROAT PRESSURE PATIOLFROLEN) = 0.4926 

ENTROPY - 5.891E 01 BTU/LB-DEG R 

PRESSURE 
RATI C 

CHAHBE P 
THROAT 

l.OOOE-C 1 
1 .OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
s.OOOE-C5 
l.OOOE-C5 
S.OOOE-C6 
l.OOOE-C6 
S.OOOE-07 
l.OOOE-07 

PRESSURE 
RATIO 

CHAMBER 
THROAT 

l.OOOE-C 1 
l.OOOE-C2 
l.OOOE-03 
l.OOOE-C4 
5.000E-C5 
L.OOOE-CS 
S.OOOE-06 
l.OOOE-C6 
S.OOOE-C 7 
l.OOOE-C7 

PRESSUPE 
RATIC 

THROAT 
l.OOOE-C 1 
1 .OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
S.OOOE-CS 
l.OOOE-C5 
S.OOOE-C6 
l.OOOE-C6 
S.OoOE-C7 
l.OOOE-07 

TEMPERATURE-DEG R 
EQUIL. FROZEN 

15ocoo. 150000. 
113910. 113935. 

65727. 61916. 
40305. 26205. 
29592. 11260. 
23184. 4874. 
21699. 3790. 
18742. 2116. 
17620. 1647. 
15187. 920. 
14129. 716. 
10778. 400. 

DENSITY 
EQL’IL. 

9.47BE-03 
6.146E-03 
2.225E-03 
4.09 IE-04 
6.385E-05 
9.208E-06 
5.087E-06 
l.t67E-06 
6.934E-07 
1.709E-07 
9.397E-08 
2.55CE-08 

‘-LB/FT3 
FROZEN 

9.478E-03 
6.1466-03 
2.296E-03 
5.425E-04 
1.263E-04 
2.917E-05 
1.875E-05 
6.718E-06 
4.316E-06 
1.545E-06 
9.922E-07 
3. SSOE-07 

NOZZLE AREA RATIO 
EQUIL. FROZEN 

l.OOCE 00 l.OOOE OC 
1.756E 00 1.706E 00 
7.879E 00 6.063E 00 
4.627E 01 2.456E 01 
3.05CE 02 1.038E 02 
5.459E 02 1.609E 02 
2.145E 03 4.464E 02 
3.889E 03 6.936E 02 
1.554E 04 1.933E 03 
2.BllE 04 3.007E 03 
1.023E 05 8.39fE 03 

ENTHALPY-BTU/LB 
EQUIL. FROZEFi 

2.112E 06 2.112E 06 
1.756E 06 1.756E C6 
1.2326 06 1.236E C6 
8.192E 05 8.706E C5 
5.729E 05 7.147E 05 
4.093E 05 6.475E C5 
3.703E 05 6.36lE C5 
2.931E 05 6.184E C5 
2.646E 05 6.134E 05 
2.075E 05 6.057E C5 
1.865E 05 6.036E CS 
1.470E 05 6.002E 05 

RCLEClLAR kT. 
ECLIL. FROZEN 
0.5185 0.5ie9 
0.518t 0.5189 
0.533E 0.5189 
O.COlT 0.5189 
0.6896 0.5189 
0.7791 0.5189 
0.8055 0.5189 
0.8666 0.5189 
0.891s 0.5189 
0.9475 0.5189 
0.9691’ 0.5189 
1 .COSd 0.5189 

VELOCITY-FT/SEC 
EQUIL. FROZER 

CACH NUCIBER 
ECLIL. FROZEN 

133421. 133415. l.COO l.CCC 
209833. 209387. 2.144 2.144 
254403. 249288. 3.ac9 3.951 
277577. 264476. 5.446 6.417 
291957. 270763. 7.C29 lO.OC2 
29528 1. 271819. 7.506 11.389 
301757. 273444. 8.C25 15.340 
304110. 273898. 9.116 17.42C 
308769. 274601. 10.300 23.367 
310473. 274798. 10.840 26.506 
313642. 275102. 11.842 35.493 

IDEAL ISP-SEC 
EQUIL. FROZEH 
4146.9 4146.7 
6521.8 6507.5 
7907.1 7748.1 
8627.4 8220.2 
9074.3 8415.6 
9177.6 8448.4 
9378.9 8498.9 
9452.0 8513.C 
9596.8 8534.9 
9649.8 8541.C 
9748.3 8550.5 

bAC ISP-SEC 
ECLIL. FROZEN 

66E8.7 6688.8 
7428.2 7388.2 
8313.7 8061.0 
88C6.2 8346.9 
9231.7 8469.2 
9318.5 8489.9 
94E9.6 8521.9 
9552.4 8530.9 
9677.C 8544.8 
9722.3 8548.7 
98Cl.l 8554.8 



TABLE 198 

PERFCRCANCE PARAMETERS FOR I-YDRDGEN AT A STAGNATICN PRESSURE CF 
zcco. ATT’ AND A STAGNATICN TEMPERATURE CF ZCCCCO. CEG P 

THROAT’ FLCW PARACETER(ECU1L.I = 158.35 LB-SQRTTCEG RI /SEC-FTZ-ATM 
THROAT FLCW PARAVETER(FROZEN) = 158.37 LB-SQRTtCEE RI/SEC-FTZ-ATM 

MAX WT FLCW PER UNIT AREAIEQU1L.I = 708.18C LB/SEC-FTP 
PAX WT FCCH PER UNIT AREAIFROZENI = 708.261 LB/SEC-FT2 

THROAT PRESSURE RATI0IECUIL.I = 0.4892 
THROAT PRESSURE RATIG(FROZENI = 0.4896 

ENTROPY = 6.183E 01 BTU/LB-DEG R 

PRESSURE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
1 .OOOE-C7 

PRESSURE 
RATIC 

CHAMBER 
THROAT 

l.OOOE-Cl 
l.OOOE-C2 
l.OOOE-C3 
l.OOOE-C4 
5.OOOE-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-Cb 
5.000E-C7 
l.OOOE-C7 

PRESSURE 
RATIC 

THROAT 
1 .OOOE-C 1 
l.OOOE-C2 
l.OoOE-C3 
l.OOOE-C4 
5.000E-C5 
l.OOOE-C5 
5.000E-C6 
l.OOOE-C6 
5.000E-C7 
l.OOOE-C7 

TEMPERATURE-DEG R 
EQUIL. FROZEN 

200?00. 200000. 
150523. 150882. 

81483. 80965. 
43525. 33296. 
30997. 13851. 
24 140. 5794. 
22 599. 4460. 
19592. 2430. 
18481. i871. 
16191. 1020. 
15286. 786. 
13198. 429. 

DENSITY- 
EQUIL. 

7.022E-03 
4.554E-03 
1.729E-03 
3.535E-04 
5.68 LE-05 
t3.268E-06 
4.572E-06 
l.l3PE-06 
6.218E-07 
1.516E-07 
8.23 7E-08 
2.013E-08 

.LB/FT3 
FROZEN 

7.022E-03 
4.557E-03 
1.735E-03 
4.218E-04 
1.014E-04 
2.424E-05 
I. 574E-05 
5.7.79E-06 
3.752E-06 
1.376E-06 
8.935E-07 
3.276E-07 

NOZZLE AREA RATIO 
EQu IL. FROZEN 

l.OOCE 00 l.OOOE 00 
1.689E 00 1.685E 00 
6.913E 00 5.839E 00 
3.982E 01 2.295E 01 
2.617E 02 9.396E 01 
4.684E 02 1.441E 02 
1.8466 03 3.906E 02 
3.3556 03 6.007E 02 
1.358E 04 1.634E 03 
2.48CE 04 2.515E 03 
1.007E 05 6.854E 03 

ENTHALPY-BTU/LB 
EQUIL. FROZEN 

2.619E 06 2.6i9E 06 
2.136E C6 2.136E C6 
1.445E 06 1.445E 06 
9.412E 05 9.670E 05 
6.613E 05 7.692E 05 
4.784E 05 6.8676 C5 
4.350E 05 6.730E 05 
3.490E 05 6.521E Of 
3.173E 05 6.464E C5 
2.534E 05 6.376E C5 
2.296E 05 6.352E CL 
1.813E 05 6.316E C5 

MCLECLLAR WT. 
ECUIL. FROZEN 
0.512C 0.5126 
0.511’ 0.5126 
c.514 1 0.5126 
0.5616 0.5126 
0.6427 O-.5126 
0.728? 0.5126 
0.7543 0.5126 
c-e137 0.5126 
C.838T 0.5126 
0.89511 0.5126 
O.SlSi 0.5126 
O.S6SF 0.5126 

VELCC ITY-FT/SEC 
EQUIL. FROZEh 

MACH NUMBER 
ECLIL. FROZEN 

155507. 155412. l.COO l.COC 
242413. 242396. 2.142 2.137 
289805. 287574. 3.885 3.975 
313051. 304301. 5.730 6.54C 
327349. 311012. 7.440 10.349 
330651. 312113. 7.545 11.84C 
337093. 313781. 9.120 16.131 
339441. 314239. 9 -630 18.411 
34.4119. 314936. lo .a34 24.991 
345852. 315127. 11.369 28.496 
349328. 315419. 12.676 38.623 

IDEAL ISP-SEC 
EQUIL. FROZEN 
4833.3 4830.3 
7534.4 7533.9 
9007.4 8938.1 
9729.9 9458. C 

10174.3 9666-C 
10277.0 9700.8 
10477.2 9752.6 
10550.2 9766.9 
10695.6 9788.5 
1.0749.4 9794.5 
10857.5 9803.5 
_ 

kAC I SP-SEC 
ECLIL. FROZEIt 

7756.8 7756.0 
8543.8 8540.5 
94ic.5 9287.0 
9967.9 9595.1 

10330.7 9722.7 
10416.9 9743.8 
105E7.5 9776.0 
1065C.4 9784.8 
10776.7 9798.3 
10823.7 9802.0 
10917.6 9807.6 
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FIG. I 

EFFECT OF STAGNATION TEMPERATURE AND PRESSURE 
ON EQUILIBRIUM STAGNATION COMPOSITION OF HYDROGEN 

MOLE FRACTION OF H,, Xnz 

- --- MOLE FRACTION OF H, X, 

--- MOLE FRACTION OF H’, X,* 

---- MOLE FRACTION OF H-, XH- 

MOLE FRACT-ION OF e- , X,- = X,+-X”- 

SYMBOLS INDICATE CALCULATED POINTS 
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FIG. 2 

EFFECT OF STAGNATION TEMPERATURE AND PRESSURE 
ON STAGNATION MOLECULAR WEIGHT OF HYDROGEN 

SY MEOLS INDICATE CALCULATED POINTS 
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FIG. 3 

EFFECT OF STAGNATION TEMPERATURE AND PRESSURE 
ON STAGNATION ENTHALPY OF HYDROGEN 

SYMBOLS INDICATE CALCULATED POINTS 
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FIG. 4 

EFFECT OF STAGNATION TEMPERATURE AND PRESSURE 
ON THROAT FLOW PARAMETER 

EOUILIBRIUM EXPANSION THROUGH EXHAUST NOZZLE 
SYMBOLS INDICATE CALCULATED POINTS 
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E FFECT OF STAGNATION TEMPERATURE AND PRESSURE 
ON EQUILIBRIUM EXHAUST COMPOSITION OF HYDROGEN 

FIG.5 

MOLE FRACTION OF H2 , XH2 
-- MOLE FRACTION OF H, XH 
--- MOLE FRACTION OF H+ ,X,j’ 

MOLE FRACTION OF e- ,-Xc- = X,+ 
MOLE FRACTION OF H- , Xn- < IO-’ 

SYMBOLS INDICATE CALCULATED POINTS 
RATIO OF EXHAUST PRESSURE TO STAGNATION PRESSURE, PEx/PT : I x IO+ 
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FIG. 6 

EFFECT OF STAGNATION TEMPERATURE AND PRESSURE 
ON RATIO OF EXHAUST ENTHALPY TO STAGNATION ENTHALPY 
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FIG. 7 

EFFECT OF STAGNATION TEMPERATURE AND PRESSURE 
ON RATIO OF NOZZLE EXHAUST AREA TO THROAT AREA 
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FIG. 8 

EFFECT OF STAGNATION TEMPERATURE AND PRESSURE 
ON VACUUM SPECIFIC IMPULSES BELOW 4000 SEC 
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FIG. 9 

EFFECT OF STAGNATION TEMPERATURE AND PRESSURE 
ON VACUUM SPECIFIC IMPULSES ABOVE 4000 SEC 
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FIG. IO 

COMPARISON OF CALCULATED SPECIFIC IMPULSE DATA 
WITH NASA DATA FROM REF. 4 
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